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PREFACE. 


The  present  work  is  virtually  a  reprint  of  a  Report 
upon  European  Ships  of  War,  made  by  Chief  Engineer 
J.  W.  Ring,  of  the  United  States  Navy,  to  the 
Secretary  of  the  Navy  at  Washington,  in  January  1877. 
Mr.  King  left  New  York  on  the  14th  August  1875, 
and  returned  on  the  30th  July  1876,  and  was  steadily 
employed  during  the  interval  in  visiting  the  various 
dockyards  and  naval  ports  in  England  and  abroad,  and 
in  collecting  the  mass  of  information  contained  in  the 
Report.  In  a  letter  to  the  Secretary  of  the  Navy, 
which  accompanied  the  Report,  dated  the  16th  January 
1877,  Mr.  King  says ; — All  the  navies  of  Europe 
have  been  recently  undergoing  reconstruction;  and 
there  has  never  been  a  time,  during  peace,  when  such 
large  expenditures  for  naval  purposes  were  made  as  at 
present,  and  such  radical  changes  effected  in  the  con¬ 
struction  of  ships  of  war,  in  steam  machinery,  in 
machinery  for  working  guns  and  for  various  other 
purposes  on  board  ship,  and  for  torpedo  warfare.  It  is 
therefore  expedient  for  the  Department  to  be  correctly 
informed  of  the  extent  and  character  of  improvements 
in  European  naval  warfare  and  economy,  in  order  that 
it  may  take  advantage  of  the  results.” 

This  Report  is  not  only  valuable  to  the  United 
States  Navy  Department,  by  giving,  in  a  concise  form, 
an  account  of  the  progress  that  is  being  made  in 
Europe  in  war-ship  construction,  but  it  is  also  very 
useful  and  interesting  to  the  English  public  by  reason 
of  the  information  it  contains  respecting  the  principal 
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ships  of  our  own  and  foreign  navies,  and  the  opinions 
that  are  expressed  in  it  upon  some  of  the  features 
of  our  naval  policy.  It  is  often  of  great  advantage 
to  be  able  “to  see  ourselves  as  others  see  us,”  and 
the  present  work  will  show  what  an  intelligent  profes¬ 
sional  critic  thinks  of  those  modern  achievements  in 
naval  architecture  that  we  chiefly  rely  upon  for  main¬ 
taining  our  naval  supremacy.  It  is  especially  desirable 
at  the  present  time,  when  the  political  atmosphere  of 
Europe  is  in  such  an  unsettled  condition,  that  all  classes 
of  Englishmen  should  be  well  informed  as  to  the  quality 
and  extent  of  our  naval  resources. 

It  will  be  seen  that  this  country  is  credited  with 
taking  the  lead  in  the  advance  that  is  being  made  in 
war-ship  construction,  and  with  being  in  the  fore-front 
“  as  the  leader  and  model  to  all  European  powers.” 
This  is  an  important  and  flattering  testimony  to  the 
ability  of  English  naval  architects  and  engineers,  and 
one  which  should  give  them  just  cause  for  pride.  The 
opinion  expressed  of  the  effect  of  recent  changes  upon 
our  naval  power  is,  “  that  never  since  the  application 
of  steam  propulsion  to  ships  of  war  has  the  British 
navy  been  relatively  so  strong  as  at  the  present  time.” 

It  will  surprise  some  people  to  find  no  little  im¬ 
portance  attached  to  the  influence  that  is  exercised 
in  this  country  by  the  press  upon  our  naval  progress. 
It  is  pointed  out  that  everything  concerning  it  excites 
eager  interest,  whatever  party  may  be  in  power. 
“  The  criticisms  of  the  press  and  the  people  are  con¬ 
stantly  directed  at  the  administration  of  the  Admiralty 
and  the  types  of  vessels  constructed.  If  any  condition 
proposed  in  a  design  be  not  realised  in  the  completed 
ship,  the  fact  is  certain  to  be  exposed  by  the  press, 
and  severely  commented  upon.”  It  is  satisfactory  to 
find  that  no  ground  for  complaint  is  seen  against 
those  outside  influences  which  are  often  brought  to 
bear  upon  the  Admiralty,  sometimes  without  any  justi¬ 
fication,  but  sometimes  with  good  effect.  A  striking 
case  in  point  is  furnished  by  the  discussion  that  has 
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been  going  on  respecting  the  safety  of  H.M.S.  In- 
jlexihle,  which  was  not  raised  till  some  time  after  this 
Report  was  written.*  It  was  stated  by  Mr.  E.  J. 
Reed,  C.B.,  M.P.,  and  the  Times,  Engineering,  and 
other  journals,  that  the  promise  made  by  the  Admiralty 
constructors,  that  the  security  of  the  ship  would  not  be 
dependent  upon  the  cork  in  her  ends,  has  not  been 
fulfilled,  and  that  the  Inflexible  is  therefore  not  a  safe 
ship,  as  at  present  built,  for  the  requirements  of 
modern  naval  warfare.  The  objections  against  her  were 
urged  so  strongly  that  the  Admiralty  referred  them 
in  July  1877  to  a  scientific  committee,  composed  of 
Mr.  W.  Eroude,  F.R.S.,  Dr.  Woolley,  and  Mr.  Gr. 
Rendel,  C.E.,  with  Admiral  Sir  James  Hope,  Gr.C.B., 
as  chairman.  This  committee  has  given  a  qualified 
approval  of  the  Inflexible,  though  they  show  that  her 
stability  would  almost  vanish  if  she  were  deprived 
of  the  support  of  her  unarmoured  ends ;  but  in  spite 
of  the  fact  that  the  Council  of  Construction  at  the 
Admiralty  had  declared,  in  a  paper  laid  before  Parlia¬ 
ment  in  June  1877,  that,  if  they  had  the  Inflexible  to 
design  over  again,  they  would  make  no  changes  in  the 
direction  that  had  been  indicated,  the  committee  yet 
recommend  to  “  the  very  serious  consideration  of  their 
Lordships  the  necessity,  before  proceeding  with  the 
construction  of  more  vessels  of  the  type  of  the  Inflexible, 
of  thoroughly  investigating  whether  by  more  beam 
their  safety  may  not  be  largely  increased,  without 
impairing  their  speed  and  efficiency.”  This  is  an 
instance  in  which  the  press  has  brought  an  influence  to 
bear  upon  the  practical  design  of  ships  of  war,  which  has 
overridden  the  deliberate  decision  of  the  Admiralty 
constructors,  and  which  will,  if  the  recommendations  of 
the  committee  are  carried  out,  as  they  doubtless  will 
be,  have  the  effect  of  modifying  the  designs  of  future 
ships  of  the  Inflexible  type,  in  a  manner  very  important 
to  their  safety. 

There  are  many  other  points  in  this  work  that  will 
*  For  a  deseriptiott  of  the  Inflexible,  see  pp.  6-27. 
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probably  strike  a  reader  with  greater  force  than  would 
otherwise  be  the  case,  on  account  of  their  being  noted  by 
a  foreign  critic ;  but  we  must  leave  them  to  be  studied 
with  the  attention  they  deserve.  The  writer  is  fairly 
correct  in  the  descriptions  he  gives  of  the  various  ships 
of  our  own  and  otlier  navies ;  but  in  a  few  places, 
where  he  is  evidently  in  error,  we  have  thought  it  well 
to  supply  the  correction  in  the  form  of  a  foot-note. 
There  may  be  errors  of  detail  in  the  text  which  have 
escaped  attention,  but  where  they  were  noticed,  and 
have  seemed  of  sufficient  importance,  they  have  been 
corrected.  The  wording  of  the  text  has  been  altered 
to  the  extent  that  appeared  desirable  in  converting 
it  from  the  form  of  an  official  report  to  that  usual 
in  a  work  for  general  readers;  and  the  American 
peculiarities  of  spelling,  &c.,  have  been  corrected,  but 
the  original  has  not  been  departed  from  in  any  essential 
particular.  All  money  values  have  been  converted 
into  English  poxinds  at  the  rate  of  4s.  2d.  per  dollar. 
The  figures  for  the  cost  of  English  iron-clads,  given 
ill  the  Appendix,  page  324,  have  been  corrected  by  the 
parliame.itary  returns. 
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by  foreign  powers  in  reconstructing  her  navy.  Commerce 
and  trade  look  to  Congress  for  the  encouragement  afforded  by 
naval  protection  .  311 
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CHAPTEE  1. 

THE  BRITISH  NAVY.— ARMOURED  SHIPS. 

The  most  important  field  of  observation  for  the 
study  of  naval  construction  and  marine  engineering 
is  Great  Britain.  England  is  in  the  fore-front  as  the 
leader  and  model  to  all  European  naval  powers.  In 
addition  to  her  magnificently  equipped  public  dock¬ 
yards,  the  patronage  of  the  government  has  sufficed  to 
keep  in  existence,  and  to  increase,  those  supplemental 
resources  which  relieve  and  aid  the  national  establish¬ 
ments  in  time  of  peace,  and  which  in  time  of  war 
would  be  of  priceless  value.  It  is  owing  to  this 
patronage,  and  to  foreign  orders  for  ships  of  war,  in  no 
small  measure,  that  on  the  Thames,  the  Mersey,  the 
Clyde,  and  the  Tyne  are  to  be  found  unrivalled 
establishments  fully  equipped,  with  expanded  and 
developed  resources  for  modern  war-ship  construction. 
Besides  the  numerous  ships  designed  and  built  yearly 
for  the  British  flag,  English  ship-yards  have  produced, 
and  are  still  producing,  war-ships  for  other  nations. 
Nearly  every  considerable  naval  power,  except  the 
United  States  and  France,  has  employed  English  de¬ 
signers,  English  ship-builders,  engineers,  and  gun  manu¬ 
facturers.  It  was  here  that  the  Konig  Wilhelm,  Kaiser, 
Deutschland,  and  other  ships  for  the  German  navy  were 
built.  Turkey  obtained  from  the  Clyde  and  the  Thames 
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a  large  proportion  of  her  armoured  fleet,  including 
all  the  most  powerful  vessels.  Eussia,  Spain,  Holland, 
Italy,  Denmark,  Greece,  Portugal,  Brazil,  Chili,  Peru, 
and  Japan  all  come  to  England  to  have  armoured 
ships  of  war  constructed.  The  Sheffield  works  not 
only  supply  armour-plates  for  these  ships,  but  also 
plates  and  materials  for  war-vessels  built  in  continental 
countries.  The  Elswick  and  Whitworth  works  manu¬ 
facture  guns  solely  for  foreign  orders.  Besides  this, 
all  the  nations  above  named  are  customers  of  the 
English  ship-yards  and  engineering  works  for  vessels 
for  their  mercantile  marine.  In  London  may  be  found 
naval  attaches  of  nearly  all  important  nations,  observing 
the  progress  and  changes  in  naval  construction.  In 
consequence  of  these  facts,  and  the  additional  one 
that  comparatively  little  of  value  that  is  at  all  novel, 
originating  with  European  naval  architects  or  en¬ 
gineers,  is  to  be  found  out  of  England,  the  larger 
portion  of  this  work  is  devoted  to  the  British  navy. 

In  contemplating  the  power  of  England  the  navy  is 
always  regarded  as  her  bulwark.  On  her  navy  England 
depends  for  security  at  home  and  respect  abroad. 
Everything  concerning  it  excites  eager  interest,  and  it 
never  fails  to  receive  support,  whatever  party  may  be 
in  power.  No  censure  is  ever  passed  upon  the  large 
expenditures  for  maintenance  and  addition  to  the  fleets ; 
but  the  criticisms  of  the  press  and  the  people  are  con¬ 
stantly  directed  at  the  administration  of  the  Admiralty, 
and  the  types  of  vessels  constructed.  If  any  condition 
proposed  in  a  design  is  not  realised  in  the  completed 
ship,  the  fact  is  certain  to  be  exposed  by  the  press,  and 
severely  commented  upon.  This  influence,  together 
with  the  watchfulness  over  the  progress  made  elsewhere, 
has  not  been  without  effect.  In  the  House  of  Com¬ 
mons,  at  the  last  session  of  Parliament,  the  First  Lord  of 
the  Admiralty  said,  “  It  is  our  policy  to  keep  pace  with 
the  inventions  of  the^day,  and  ahead  of  all  maritime 
powers.”  The  most  able  constructive  ability  and  en¬ 
gineering  talent  in  the  kingdom  is  employed  in  pro- 
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ducin»  designs  for  new  types  of  vessels,  for  machinery, 
and  for  appliances  of  offence  and  defence.  It  may 
be  confidently  asserted  that  never  since  the  applica¬ 
tion  of  steam  propulsion  to  ships  of  war,  has  the 
British  navy  been  relatively  so  strong  as  at  the  present 
time ;  and  yet  there  are  complaints  that  it  is  not 
more  powerful. 

The  former  fleets  of  beautifnl  wooden  screw-ships, 
like  their  predecessors  of  the  old  sailing  line-of-battle 
ship  period,  and  the  subsequent  paddle-wheel  steamers, 
are  fast  disappearing  from  the  navy-list  for  either  fighting 
or  cruising  purposes.  Numbers  of  wooden  line-of-battle 
ships  and  frigates  provided  with  auxiliary  steam  power, 
but  whose  days  were  passed  mainly  under  canvas,  and 
others  that  have  never  made  a  cruise — indeed,  that  had 
become  antiquated  before  they  were  completed — vessels 
in  whose  outlines  the  beauty  of  naval  architecture  may 
be  said  to  have  culminated,  are  in  the  same  category. 
In  fact,  whole  squadrons  may  be  seen  in  the  harbours 
of  Portsmouth,  Devonport,  and  other  dock-yards,  some 
bearing  famous  names,  and  “  pierced  for  ”  from  fifty  to 
one  hundred  and  one  guns,  which  are  now  as  useless 
for  purposes  of  modern  warfare  as  the  old  paddle-wheel 
frigates  or  the  fifty-nine  sailing-vessels  borne  on  the 
British  navy-list. 

The  effective  force  of  the  British  navy  may  now  be 
divided  into  ships  for  great  naval  battles,  ships  for 
coast  defence,  and  unarmoured  cruising  vessels.  There 
are  so  many  different  types  that  it  is  quite  impossible 
to  classify  them  according  to  any  former  standard.  The 
present  collective  fleet  as  presented  in  the  navy-list 
consists  of  nearly  four  hundred  vessels  of  all  kinds. 
This  includes  those  building,  but  does  not  include  one 
hundred  and  thirty-four  laid  up  or  employed  in  per¬ 
manent  harbour  service,  which  are  never  likely  to  be 
sent  to  sea.  The  total  tonnage  of  these  four  hundred 
vessels  is  about  900,000. 

From  published  returns  it  appears  that  during  the 
eight  years  1866-1874,  ten  and  a  half  millions  of 
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pounds  sterling  were  expended  in  the  construction  of 
new  ships ;  six  millions  of  which  were  for  armoured 
ships,  and  four  and  a  half  millions  for  unarmonred 
vessels.  During  the  same  period  one  and  one-third 
million  pounds  were  expended  on  the  repairs  of  un¬ 
armoured  ships,  and  nearly  four  millions  on  the  repairs 
of  vessels  of  all  other  kinds ;  and  it  is  now  estimated 
that  about  a  million  pounds  sterling  is  expended 
annually  on  new  armoured  ships,  and  three-quarters  of 
a  million  on  all  other  new  vessels. 

It  is  to  the  production  of  the  most  powerful  sea-going 
fighting  ships  that  the  resources  of  the  navy  are  first 
directed ;  ships  sufficiently  armoured  to  resist  projec¬ 
tiles  of  any  ordinary  kind ;  sufficiently  armed  to  silence 
forts  or  to  meet  the  enemy  under  any  conditions  prof¬ 
fered  ;  sufficiently  fast  to  choose  the  time  and  place  to 
fight ;  and  sufficiently  buoyant  to  carry  coal  and  stores 
into  any  ocean.  Of  this  class,  according  to  official 
statements  made  in  the  House  of  Commons,  there  will 
be,  when  those  now  under  construction  are  completed, 
eighteen,  placed  in  the  order  following,  according  to 
their  power,  the  Inflexible  ranking  first.* 

Turret  ships  :  Inflexible,  building  at  Portsmouth ; 
Dreadnought,  built  at  Pembroke,  nearly  completed ; 
Thunderer,  in  commission ;  Devastation,  in  commission ; 
Agamemnon,  building  at  Chatham,  date  of  completion 
uncertain  ;  Ajax,  building  at  Pembroke,  date  of  com¬ 
pletion  uncertain  ;  Monarch,  in  commission,  Channel 
squadron.  Broadside  ships :  Alexandra,  in  commission  ; 
Temeraire,  just  being  completed ;  Sultan,  in  commission 
in  the  Mediterranean;  Herctdes,  flag-ship,  Mediter¬ 
ranean;  Bellerophon,  flag-ship.  West  Indies ;  Swiftsure, 
in  commission  in  the  Mediterranean  ;  Triumph,  in 
commission,  Channel  Squadron ;  Audacious,  flag-ship, 
China  Squadron ;  Invincible,  in  commission  in  the 

*  When  wooden  vessels  were  first  plated  with  armour,  they  were 
known  as  “  iron-clads now  that  all  hulls  are  built  of  iron  and  plated 
with  heavy  armour  upon  a  wooden  backing,  the  term  “  armoured 
ships’’  is  used,  as  being  more  proper  than  “  iron-clads.’' 
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Mediterranean ;  Iron  Duke,  coast-guard  service,  Kings¬ 
town  ;  Penelope,  coast-guard  service,  Harwich. 

There  are  three  ocean-cruising  ships  of  the  armour- 
belted  type  :  the  Shannon,  built  at  Pembroke,  and  now 
in  commission  -,  and  the  Nelson  and  Northampton, 
building  at  Glasgow.  The  vessels  for  coast  defence 
are  for  the  most  part  turret  vessels,  built  on  the 
breastwork  system,  and  are  named  Glatton,  Hotspur, 
Rupert,  Prince  Albert,  Cyclops,  Gorgon,  Hecate,  Hydra, 
Scorpion,  Wivern.  There  are  also  the  broadside  gun¬ 
boats  Viper  and  Vixen.  Besides  these,  which  are  for 
home  defence,  there  are  the  Abyssinia  and  Magdala, 
stationed  at  Bombay,  and  the  Cerberus,  in  one  of  the 
Australian  harbours.  Any  of  these  monitors  are  capable 
of  going  to  sea,  but  they  are  unfit  for  cruising ;  all  are 
low  free-board  vessels,  each  provided  with  a  sinole  re¬ 
volving  turret  rising  above  the  breastwork,  the  Hotspur 
and  Rupert  excepted.  The  former  of  these  was  built  to 
be  used  solely  as  a  powerful  ram,*  and  the  latter  has  a 
fixed  turret  in  which  the  gun  revolves  on  a  platform. 
This  vessel  is  also  fitted  especially  lor  ramming, 

T’he  ships  of  the  original  armoured  type  are  built 
of  iron,  and  are  of  the  broadside  variety.  They  have 
become  antiquated,  and  are  not  now  regarded  as  com¬ 
petent  to  meet  in  line  of  battle  the  armoured  sliips  of 
the  present  period.  They  consist  of  the  Agincourt, 
Minotaur,  Northumberland,  Achilles,  Black  Prince, 
Warrior,  Hector,  Valiant,  Resistance,  and  Defence. 

Most  of  the  wooden  armoured  ships  were  under 
construction  as  line-of-battle  ships  or  frigates  at  the 
time  of  the  battle  between  the  little  Monitor  and 
Merrimac  in  Hampton  Roads ;  and  they  were  subse¬ 
quently  altered  and  converted  into  sea-going  iron-clads. 
JIany  of  them  are  decayed  and  relegated  to  harbour 
service,  and  it  is  not  probable  that  any  of  them  will  be 

*  The  Hotspur  was  not  intended  solely  as  a  ram,  as  she  was  designed 
and  built  to  carry  a  25-ton  gun  in  a  revolving  turret,  plated  with 
11-inch  armour.  Wlicn  slie  was  built,  this  was  the  most  powerful  guu 
that  was  being  made.  (Ed.) 
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mucli  longer  continued  as  cruisers,  or  extensively 
repaired.  They  are  as  follows :  Prince  Consort,  Royal 
Oak,  Caledonia  (which  has  an  iron  upper  deck),  Research, 
Zealous  (which  has  an  iron  upper  deck).  Lord  Clijde 
(which  has  had  her  machinery  removed,  and  is  fitted 
for  a  drill-ship).  Royal  Alfred  (which  has  an  iron  deck). 
Royal  Sovereign  (a  turret-ship  with  an  iron  upper  deck). 
Favorite,  Ertterprise  (with  iron  top-sides),  Lord  Warden, 
Pallas,  and  Repulse.*  The  Pallas  was  built  as  an  iron¬ 
clad  in  1865,  and  the  Repulse  in  1868;  they  were  the 
last  armoured  wood  ships  built  for  the  royal  navy, 
and  are  still  cruising,  the  former  in  the  Mediterranean 
and  the  latter  in  the  Pacific. 

The  Devastation,  Thunderer,  and  Dreadnought  come 
under  the  head  of  mastless  armoured  sea-going  ships, 
and  rank  as  the  most  powerful  fighting  ships  armed 
and  now  afloat  in  the  world.  The  Inflexible,  now 
building,  and  designed  as  a  still  more  powerful  ship, 
is  intended  to  he  mastless  only  in  time  of  war;  as 
also  are  the  Agamemnon  and  Ajax,  ships  of  the  same 
type,  but  of  smaller  dimensions. 

Descriptions  and  dimensions  of  these  highly  im¬ 
portant  ships  are  given  in  the  following  chapters.! 


CHAPTEK  11. 

THE  BRITISH  NAVY.— H.M.S.  INFLEXIBLE. 

The  modern  man-of-war  is  much  moi’Q  than  an  ar¬ 
moured  steamer ;  she  is  a  great  engine  of  destruction, 
clad  with  heavy  armour,  provided  with  huge  guns 
which  are  operated  upon  by  machinery,  driven  by 

*  (There  is  also  the  Ocean,  one  of  the  Prince  Consort  class.  (Ed.) 
t  In  collecting  the  information  contained  in  this  work,  various 
scientific  publications  have  been  consulted,  and  none  iiave  been  found 
more  reliable  than  Engineering,  published  at  37  Bedford  Street,  Strand. 
Extracts  have  been  taken  from  this  excellent  periodical,  and  also  from 
some  others,  when  found  to  be  correct. 
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powerful  engines,  and  fitted  with  machinery  for  purposes 
of  all  kinds.  Year  by  year  the  thickness  of  armour 
and  weight  of  naval  artillery  have  gone  on  increasing 
together.  Mechanical  appliances  have  more  and  more 
replaced  manual  labour,  and  at  the  same  time  the 
forms  of  ships  have  been  adapted  to  the  work  they 
have  to  do  and  to  the  conditions  under  which  they 
must  act.  No  war-vessel  yet  designed  has  departed 
so  widely  from  pre-existing  types,  and  in  none  has  so 
enormous  a  stride  been  made,  in  offensive  and  defensive 
powers,  as  in  the  one  about  to  be  described. 

The  Inflexible,  which  was  commenced  at  Portsmouth 
dockyard  in  February,  1874,  and  launched  April,  1876, 
is  a  twin-screw  double-turret  ship,  with  a  central 
armed  citadel.  She  was  designed  by  Mr.  Barnaby,  the 
Director  of  Naval  Construction  at  the  Admiralty,  and 
at  a  meeting  of  the  Institution  of  Naval  Architects  in 
London,  in  March  1874,  he  described  her  in  the  follow¬ 
ing  language “  Imagine  a  floating  castle  110  feet 
long  and  75  feet  wide,  rising  10  feet  out  of  water,  and 
having  above  that  again  two  round  turrets,  planted 
diagonally  at  its  opposite  corners.  Imagine  this  castle 
and  its  turrets  to  be  heavily  plated  with  armour,  and 
that  each  turret  has  two  guns  of  about  eighty  tons 
each.  Conceive  these  guns  to  be  capable  of  firing,  all 
four  together,  at  an  enemy  ahead,  astern,  or  on  either 
beam,  and  in  pairs  towards  every  point  of  the  compass. 
Attached  to  this  rectangular  armoured  castle,  but  com¬ 
pletely  submerged,  every  part  being  6  to  7  feet  under 
water,  there  is  a  hull  of  ordinary  form  with  a  powerful 
ram  bow,  with  twin  screws  and  a  submerged  rudder  and 
helm.  IFis  compound  structure  is  the  fighting  part  of 
the  ship.  Seaworthiness,  speed,  and  shapeliness  would 
be  wanting  in  such  a  structure  if  it  had  no  addition  to 
it ;  there  is  therefore  an  unarmoured  structure  lying 
above  the  submerged  ship  and  connected  with  it,  both 
before  and  abaft  the  armoured  castle,  and  as  this 
structure  rises  20  feet  out  of  water  from  stem  to  stern 
without  depriving  the  guns  of  that  command  of  the 
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horizon  already  described,  and  as  it  moreover  renders 
a  iiying  deck  unnecessary,  it  gets  over  the  objections 
which  have  been  raised  against  the  low  free-board  and 
other  features  in  the  Devastation,  Thunderer,  and 
Dreadnought.  These  structures  furnish  also  most 
luxurious  accommodation  for  officers  and  seamen. 
The  step  in  advance  has  therefore  been  from  14  inches 
of  armour  to  24  inches  ;  from  35-ton  guns  to  80  tons  ; 
from  two  guns  ahead  to  four  guns  ahead  ;  and  from  a 
height  of  10  feet  for  working  the  anchors  to  20  feet. 
And  this  is  done  without  an  increase  in  cost,  and  with 
a  reduction  of  nearly  3  feet  in  draught  of  water.  My 
belief  is  that  in  the  Inflexible  we  have  reached  the 
extreme  limit  in  thickness  of  armour  for  sea-going 
vessels.” 

The  length  of  the  vessel  between  perpendiculars  is 
320  feet,  and  she  has  the  extraordinary  breadth  of  75 
feet  at  the  water-line :  the  depth  of  hold  is  23  feet 

^  X 

3|  inches  ;  free-board,  10  feet ;  mean  draught  of  water, 
24  feet  5  inches  (23  feet  5  inches  forward,  and  25  feet 
5  inches  aft)  ;  area  of  midship  section,  1,658  square 
feet ;  and  displacement  when  all  the  weights  are  on 
board,  11,407  tons,  being  the  largest  of  any  man-of- 
war  hitherto  constructed.  She  is,  as  before  described, 
a  rectangular  armoured  castle ;  the  whole  of  the  other 
parts  of  the  vessel,  which  are  unprotected  by  armour, 
have  been  given  their  great  dimensions  for  the  simple 
purpose  of  floating  and  moving  this  invulnerable  citadel 
and  the  turrets  by  which  it  is  surmounted.  Her 
immense  bulk,  unprecedented  armament,  powerful 
machinery ;  and  the  provision  for  ramming,  and  for 
resisting  the  impact  of  rams  as  well  as  of  shot  and 
shell,  have  made  it  necessary  that  great  strength  and 
solidity  should  enter  into  every  part  of  the  structure. 

While  the  cellular  compartments  of  the  double 
bottom  have  a  little  less  depth  than  in  the  Devastation 
class,  they  are  built  up  of  heavier  angle-irons  and 
plating,  and  steel  has  been  very  largely  employed  lor 
the  purpose  of  securing  great  strength  with  compara- 
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tive  lightness  of  material.  The  lower  part  of  the  liull 
is  composed  of  flat  and  vertical  keels,  transverse  and 
longitudinal  frames,  inner  and  outer  bottom  plating. 
The  vertical  keel  is  formed  of  steel  plates  |  inch  thick  by 
40  inches  deep,  and  the  flat  keel-plates  are  of  iron  in  two 
thicknesses  of -flinch  and  finch,  the  two  being  connected 
by  angle-irons  5"  x  5"  X  f".  On  the  upper  edge  of  the 
vertical  keel  the  angle-irons  by  which  it  is  fastened 
to  the  inner  bottom-plates  are  3"  x  3^"  x  The 
framework  of  the  vessel  below  the  armour  is  composed 
of  longitudinal  and  transverse  frames.  The  former, 
eight  in  number,  are  formed  of  steel  plates  inch 
in  thickness,  the  shelf-plate  being  ^  inch  thick. 
These  frames  extend  as  far  forward  and  aft  as  is 
deemed  practicable.  Within  the  double  bottom,  which 
extends  through  212  feet  of  the  ship’s  length,  the 
transverse  frames  are  solid,  and  are  made  water-tight  at 
intervals  of  20  feet.  There  are  also  intermediate  bracket- 
frames  placed  4  feet  apart.  Before  and  abaft  the 
double  bottom  the  transverse  frames,  which  are  likewise 
4  feet  apart,  are  of  the  thickness  of  |inch,  but  are  con¬ 
siderably  lightened  by  having  holes  cut  in  them,  the 
upper  parts  at  the  same  time  being  much  narrowed. 
Additional  intermediate  frames  are  worked  in  in  the 
engine-room  in  order  to  secure  greater  strength.  The 
angle-irons  forming  the  frames  vary  from  5J"x3"xi” 
to  3"  X  3  X  i”.  The  outer  skin  plating  of  the  bottom 
varies  from  inch  in  the  garboard  strakes  to  f  inch ; 
with  the  exception  of  the  ends,  where  the  thickness  is 
increased  to  |  inch  ;  and  behind  the  anchors,  where  the 
j)lating  is  doubled.  The  plating  of  the  inner  bottom, 
which  extends  throughout  the  length  of  the  double 
bottom,  and  which,  like  the  outer  bottom,  is  made  per¬ 
fectly  water-tight,  is  of  the  uniform  thickness  of  f  inch, 
except  under  the  engines,  where  it  is  inch.  As  is  usual 
in  iron  vessels,  the  stem  of  the  Inflexible  consists  of  a 
solid  iron  forging  scarphed  at  its  lower  end  to  the  keel- 
plates.  The  stern-post  and  after  pieces  of  keel,  which 
are  formed  of  the  best  angle-iron,  are  also  made  in  a 
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single  forging.  The  rudder  is  a  solid  iron  frame  filled 
in  with  wood  and  covered  Avith  iron  plates.  In  conse¬ 
quence  of  its  immense  weight — some  9  tons — it  is  made 
to  work  upon  double  pintles  in  combination  with  the 
ordinary  pintles  and  braces.  It  is  worked  by  a  tiller 
4  feet  6  inches  below  the  water.  Indeed,  the  whole  of 
the  steam  steering-gear  is  placed  below  the  water-line 
and  armoured  deck,  so  that  it  will  be  impossible  for  the 
rudder-head  to  be  injured  by  shot  or  shell  during  an 
engagement.  To  receive  the  propeller-shafts  two  iron 
tubes  are  constructed,  one  under  each  quarter.  The 
forward  ends  of  these  tubes,  where  they  leave  the  ran 
of  the  ship,  are  supported  by  the  framework  of  the 
hull,  which  is  bossed  out  in  a  suitable  form  for  the 
purpose,  the  after  parts  being  supported  by  struts  from 
the  ship’s  bottom.  There  are  four  decks — the  lower, 
middle,  upper,  and  superstructure  decks — the  last  being 
a  middle-line  erection  placed  forward  and  aft  above  the 
upper  deck  for  working  the  ship,  carrying  and  lowering 
the  boats,  &c.  Outside  the  citadel  the  lower-deck 
beams  are  covered  with  iron  3  inches  thick.  This  deck 
is  depressed  at  the  fore  end  so  as  to  meet  that  part  of 
the  bow  which  is  intended  for  ramming,  thus  conferring 
upon  it  greatly  increased  strength  and  resistance  when 
engaged  in  butting  an  enemy’s  ship.  It  may  be  here 
stated  that  the  ram  of  the  Inflexible  is  of  the  spur 
kind,  and  though  it  is  fixed  at  the  present  time,  it  will 
eventually  be  made  to  unship  during  ordinary  cruises. 
The  middle-deck  consists  of  ^-inch  plating  covered 
with  3 -inch  deal  planks;  while  the  upper-deck  beams 
in  the  vicinity  of  the  citadel  are  covered  with  3-inch 
plating,  and  in  other  parts  with  ^-inch  plating.  The 
beams,  pillars,  and  bulkheads  for  supporting  the  various 
decks  and  platforms,  and  forming  the  diJfferent  com¬ 
partments  and  rooms,  are  arranged  and  fitted  so  as  to 
give  the  greatest  possible  strength  to  the  sides  of  the 
vessel.  The  largest  beams  are  on  the  main  deck. 
They  are  14  inches  deep,  while  those  on  the  upper 
deck  are  10  inches,  and  those  on  the  lower  deck  12 
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inches  deep.  Every  beam  is  either  supported  by 
wrought-iron  tube-pillars,  or  trussed  where  pillars 
cannot  he  erected,  the  strongest  beiug  under  the 
turrets.  The  two  superstructures  themselves  in  no 
way  add  to  the  power  of  the  ship,  either  for  attack  or 
defence.  Their  purpose  in  the  economy  of  the  ship  is 
to  afford  accommodation  for  the  officers  and  crew ;  and 
as  the  structures  are  erected  on  the  upper  deck,  this 
will  be  of  the  best  kind,  with  abundance  of  air  and 
natural  light.  Their  dimensions  are  :  fore  superstruc¬ 
ture,  extreme  length,  104  feet  4  inches ;  breadth,  21 
feet  4  inches  ;  after  superstructure,  extreme  length,  105 
feet  4  inches ;  breadth,  80  feet.  The  frames  are  formed 
of  angle-iron,  7  inches  by  3  inches,  placed  4  feet  apart,  and 
between  them  are  intermediate  frames  made  of  angle-iron 
4  inches  by  3  inches.  The  ends  are  covered  with  f-inch 
plates,  and  the  whole  surface  with  a  3-inch  deck.  The 
cabin- walls  are  all  coated  with  Welch’s  wood -faced 
cement  as  a  protection  against  the  results  of  atmo¬ 
spheric  condensation.  The  officers  and  men  together 
will  number  350.  As  a  protection  against  the  casualties 
of  war  and  the  sea,  the  hull  is  divided  by  means  of  the 
transverse  and  longitudinal  bulkheads  into  no  fewer 
than  135  water-tight  compartments,  and  arrangements 
will  be  made  for  quickly  removing  any  water  that 
may  collect  within  them  through  collision  or  other 
cause.  Powerful  steam-pumps,  among  which  may  be 
mentioned  two  of  Friedmann’s  patent  ejectors,  capable 
of  discharging  300  tons  of  water  each  per  hour,  will  be 
fitted.  All  the  bulkheads  are  provided  with  water-tight 
doors  of  an  improved  pattern,  sluice-valves,  man-holes, 
and  water-tight  scuttles.  Water-tight  doors  can  also 
be  fitted,  when  necessary,  to  the  bulkheads  passing 
through  the  coal-bunkers.  Each  of  the  water-tight 
compartments  has  been  tested  by  hydraulic  pressure. 
Great  attention  has  been  bestowed  upon  the  question 
of  ventilation,  which  in  ships  of  the  Devastation  class 
and,  indeed,  in  all  monitors  of  low  free-board,  has  been 
a  source  of  considerable  discomfort  and  embarrassment. 
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In  tlie  Inflexible  the  fresh  air  will  be  drawn  into  the 
midship  part  of  the  vessel  tlirough  a  series  of  downcast 
shafts,  by  means  of  eight  powerful  fans,  worked  by 
four  of  Messrs.  Brotherhood  and  Hardingham’s  patent 
three-cylinder  engines.  The  air  is  then  conducted  into 
main  pipes,  which  run  round  tlie  sides  of  the  hull  to 
the  extremities,  and  from  these,  subsidiary  or  branch 
pipes  discharge  the  air  in  ample  quantities  to  every  part 
of  the  ship. 

The  protected  portion  of  the  ship  is  confined  to  the 
citadel  or  battery,  within  whose  walls  are  enclosed  the 
engines  and  boilers,  the  turrets,  the  hydraulic  loading- 
gear,  the  magazines,  and  in  fact  all  the  vital  parts  of 
tlie  vessel.  It  measures  110  feet  in  length,  75  feet  in 
breadth,  and  is  armoured  to  the  depth  of  6  feet  5  inches 
below  the  w-ater-line,  and  9  feet  7  inches  above  it.  The 
sides  of  the  citadel  consist  of  an  outer  thickness  of 
12-inch  armour-plating,  strengthened  by  vertical  angle- 
iron  girders  11  inches  wide  and  3  feet  apart,  the  space 
between  them  being  filled  in  with  teak  backing. 
Behind  these  girders,  in  the  wake  of  the  water-line, 
is  another  thickness  of  12-inch  armour,  backed  by 
horizontal  girders  6  inches  wide,  and  supjDorted  by  a 
second  thickness  of  teak  backing.  Inside  this  are  two 
thicknesses  of  skin  plating,  to  which  the  horizontal 
girders  are  secured ;  the  whole  of  the  armour-backing 
and  plating  being  supported  by,  and  bolted  to,  trans¬ 
verse  frames  2  feet  apart,  which  are  composed  of  plates 
and  angle-irons.  It  will  thus  be  seen  that  the  total 
thickness  of  armour  at  the  w'ater-line  strake  is  not  less 
than  24  inches.  The  armour- belt,  however,  is  not  of 
uniform  strength  throughout,  but  varies  in  accordance 
with  the  importance  of  the  protection  required  and  the 
exposure  to  attack.  Consequently,  while  the  armour 
at  the  water-level  is  24  inches  in  two  thicknesses  of 
12  inches  each,  above  the  water-line  it  is  20  inches  in 
two  thicknesses  of  12  inches  and  8  inches,  and  below 
the  water-line  it  is  reduced  to  16  inches  in  tw'o  thick¬ 
nesses  of  12  inches  and  4  inches.  The  teak  backing: 
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with  which  it  is  supported  also  varies  inversely  as  the 
thickness  of  armour,  being  respectively  17  inches,  21 
inches,  and  25  inches  in  thickness,  and  forming  with 
the  armour  with  which  it  is  associated,  a  uniform  wall 
41  inches  thick.  The  depth  of  armour  below  the  load 
water-line  is  6  feet  5  inches,  but  as  the  vessel  will  be  sunk 
a  foot  on  going  into  action,  the  sides  will  thus  have 
armour  protection  to  the  depth  of  7  feet  5  inches  below 
the  fighting-line.  The  outside  armour  is  fastened  by 
bolts  4  inches  in  diameter,  secured  with  nuts  and  elastic 
washers  on  the  inside.  The  shelf-plate,  on  which  the 
armour  rests  is  formed  of  ^-inch  plates,  with  an  angle- 
iron  on  the  outer  edge  5"  x  3J"  x  jq".  The  armour 
on  the  fore  bulkhead  of  the  citadel  is  exactly  the 
same  in  every  respect  as  that  on  the  sides,  but  the 
armour  of  the  rear  bulkhead  is  somewhat  thinner, 
being  of  the  respective  gradations  of  22,  18,  and  14 
inches,  and  forming  with  the  teak  backing,  which  is 
16,  20,  and  24  inches,  an  uniform  thickness  of  38 
inches.  It  may  also  be  useful  to  mention  that  before 
and  abaft  the  citadel  the  frames  are  formed  of  7-inch 
and  4-inch  angle-irons,  covered  with  y^g-inch  plates. 
The  total  weight  of  the  armour,  exclusive  of  deck 
plating,  is  2,250  tons,  and  the  total  weight  of  armour, 
inclusive  of  protective  deck  plating,  is  3,155  tons. 

But  the  most  singular  feature  in  the  design  of  the 
ship  is  the  situation  of  the  turrets.  In  the  Devastation 
and  Thunderer,  and,  in  fact,  all  monitors  afloat,  the 
turrets  are  placed  at  the  middle  line,  an  arrangement 
which,  though  advantageous  in  some  respects,  possesses 
this  signal  disadvantage,  that  in  double  -  turreted 
monitors  only  one-half  of  the  guns  can  be  brought  to 
bear  on  the  enemy  either  right  ahead  or  directly 
astern.  In  the  Inflexible,  however,  the  turrets  rise  up 
on  either  side  of  the  ship  en  echelon  within  the  walls  of 
the  citadel,  the  forward  turret  being  on  the  port  side 
and  the  after  turret  on  the  starboard  side,  while  the 
superstructures  are  carried  in  a  fore-and-aft  line  along 
the  deck.  By  these  means  the  whole  of  the  four  guns 
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can  be  discharged  simultaneously  right  ahead  or  right 
astern,  or  on  either  beam,  or  in  pairs  towards  any  point 
of  the  compass.  Besides  these  important  advantages, 
the  guns  of  each  turret  can  be  projected  clear  of  the 
ship’s  side — in  the  case  of  the  one  turret  to  port,  and 
in  the  case  of  the  other  turret  to  starboard.  They  can 
then  be  depressed  enough  not  only  to  strike  a  vessel  at 
close  quarters,  below'  the  line  of  her  armour,  but  even 
to  fire  down  upon  her  deck,  should  the  enemy  be  ranged 
alongside.  The  turrets,  which  have  an  internal  diameter 
of  28  feet,  and  an  external  diameter  of  about  33  feet  10 
inches,  are  protected  by  armour  of  a  single  thickness  of 
18  inches  (the  thickest  ever  manufactured,  with  the 
exception  of  the  22-inch  experimental  plate  wdiich  was 
rolled  at  Messrs.  Cammell  &  Co.’s  works,  at  Sheffield, 
for  the  turrets  of  the  Italian  frigates),  with  backing  of 
the  same  thickness,  and  an  inner  plating  of  1  inch  in 
two  equal  thicknesses.  All  experience  has  proved  that, 
for  many  reasons,  this  arrangement  is  the  best.  The 
wood  backing  distributes  the  blow  when  struck,  deadens 
the  vibrations,  protects  the  fastenings,  and  stops  the 
splinters ;  wliile  the  inner  iron  is  also  of  advantage,  in 
rendering  the  backing  more  compact,  and  also  in 
arresting  the  passage  of  debris.  The  height  of  the  turret 
ports  from  the  load-line  is  12  feet,  and  a  foot  less  from 
the  fighting-line ;  and  all  the  plating  in  the  wake  of  the 
guns  is  considerably  strengthened. 

A  very  special  interest  attaches  to  the  armament  of 
the  Inflexible,  not  only  because  it  consists  of  guns 
vastly  more  powerful  than  any  yet  mounted  afloat,  but 
because  these  guns  are  carried  and  worked  on  the  new 
and  remarkable  hydraulic  system  which  has  hitherto 
only  been  tried  in  the  fore  turret  of  the  Thunderer. 
Each  turret  weighs  no  less  than  750  tons,  including  the 
guns ;  and  having  to  deal  with  a  moving  mass  of  such 
enormous  weiglit,  and  with  the  superadded  difficulty  of 
a  floating,  and  therefore  unstable,'  platform  on  which  to 
revolve  it,  it  was  determined  to  commence  at  this 
point  with_the  adoption  of  the  hydraulic  system  of  Sir 
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William  Armstrong,  as  developed  for  gunnery  purposes, 
by  his  partner,  Mr.  George  Eendel.  The  revolution 
of  the  turrets  accordingly  will  be  accomplished  by 
hydraulic  machinery,  in  a  manner  similar  to  that  em¬ 
ployed  by  the  Elswick  firm  for  turning  sw'ing-bridges 
and  great  cranes.  In  such  cases  the  weights  dealt  with 
have  already  exceeded  that  of  the  turrets  of  the  In- 
-fiexihle ;  and  so  complete  is  the  control  afforded  by 
hydraulic  machinery  in  the  movements  of  heavy  masses 
in  analogous  cases,  that  it  is  believed  the  turrets  will, 
by  this  machinery,  be  rotated  at  any  speed,  from  a 
complete  revolution  in  one  minute,  down  to  a  rate  as 
slow  and  uniform  as  can  be  desired.  The  advantage  of 
the  high  speed  is  plain ;  that  of  the  slow  but  regular 
rotation  will  be  apparent  when  it  is  remembered  how 
much  delicacy  of  adjustment  is  necessary  for  following 
with  the  aim  an  object  moving  rapidly  and  at  a  distance. 
Although  the  80-ton  guns  will  be  worked  on  a  system 
similar  to  that  adopted  in  the  case  of  the  38-ton  guns 
of  the  Thunderer,  yet  as  the  design  of  the  Inflexible 
had  not  been  completed  before  the  decision  to  work 
the  guns  by  hydraulic  power  was  formed,  a  much  more 
complete  hydraulic  gunnery  arrangement  has  become 
possible.  The  sponging  and  loading  apparatus  is  still, 
as  in  the  Thunderer,  to  be  placed  at  duplicate  fixed 
stations  outside  the  turrets,  and  under  the  protection 
of  the  armoured  deck  of  the  vessel.  The  muzzles  of 
the  guns  are  brought  to  the  loading  mechanism  by 
revolving  the  turret  and  slightly  depressing  the  guns. 
But  there  is  no  special  loading-port  as  in  the  Thunderer. 
All  that  is  necessary  is  to  depress  the  guns  to  the  small 
angle  required  for  bringing  the  muzzles  below  the  level 
of  the  deck,  which  is  raised  and  inclined  upward  at  the 
base  of  the  turrets  so  as  to  form  a  sort  of  glacis,  and  to 
give  cover  to  the  muzzles  wdthout  involving  any  con¬ 
siderable  depression  of  the  gun.  By  this  means  the 
objection  brought  against  the  greater  depression  of  the 
guns  of  the  Thunderer  is  avoided.  A  more  important 
novelty  is  the  manner  of  mounting  the  80-ton  guns  in 
the  turrets.  Hitherto  it  has  been  the  practice  to  place 
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all  heavy  guns  upon  an  iron  structure,  called  the 
carriage,  on  which  they  rest  by  means  of  the  trunnions. 
This  carriage  bears,  besides  the  gun,  the  mechanism  for 
elevating  and  depressing  the  gun,  and  for  “tripping,” 
and  also  in  part  the  mechanism  for  checking  recoil. 
Besides  the  carriage,  again,  there  is  the  slide  upon 
which  the  carriage  runs.  Now  in  the  system  adopted 
for  the  Inflexible,  the  bold  step  has  been  taken  of 
dispensing  altogether  with  a  carriage,  properly  so 
called. 

In  the  Inflexible  two  guns  are  mounted  side  by  side  in 
each  turret.  Each  gun  is  supported  on  three  points. 
The  trunnions  rest  on  blocks  sliding  on  fixed  beams 
bolted  down  to  the  floor  of  the  turret,  while  the  breech 
rests  on  a  third  block,  sliding  like  the  others  between 
guides  upon  a  beam  or  table.  Behind  each  of  the 
trunnion-blocks,  in  the  line  of  recoil,  are  two  hydraulic 
cylinders,  connected  with  them  by  piston-rods.  The 
cylinders  communicate  by  a  pipe,  on  which  there  is  a 
valve,  which,  on  the  recoil  of  the  gun,  opens  and  allows 
the  pistons  to  run  back  slowly,  checking  the  recoil.  By 
reversing  the  apparatus,  the  gun  can  be  run  out  again. 
The  beam  on  which  the  breech  rests  is  supported  by  a 
third  hydraulic  cylinder,  fixed  vertically  beneath  it.  in 
the  turret.  By  this  means,  the  breech  can  be  easily 
raised  or  lowered,  thus  elevating  or  depressing  the 
muzzle  of  the  gun,  which  pivots  on  its  trunnions  with 
a  large  preponderance  towards  the  breech.  In  order  to 
load,  the  muzzle  is  depressed  until  it  comes  opposite 
to  an  opening  made  in  the  upper  deck  before  the  turret. 

An  hydraulic  rammer  works  in  guides  through  this 
hole,  and  the  rammer-head  is  hollow,  and  is  so  con¬ 
structed  that  when  it  is  driven  into  the  recently-fired 
gun,  and  comes  in  contact  with  the  sides  of  the  powder- 
chamber,  a  valve  opens,  and  it  discharges  through  a 
number  of  holes  small  jets  of  water,  thus  acting  as  a 
sponge,  and  extinguishing  any  remnants  of  the  charge 
or  of  the  products  of  the  explosion  which  may  have 
remained  smouldering  in  the  bore.  It  is  then  withdrawn, 
and  an  hydraulic  shot-lift  raises  up  to  the  muzzle  of  the 
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gun  tlie  charge,  the  projectile,  and  a  retaining  wad,  and 
a  single  stroke  of  the  rammer  then  drives  them  into 
the  gun  and  home  to  the  base  of  the  bore.  Again  the 
rammer  is  withdrawn,  the  hydraulic  piston  under  the 
breech  of  the  gun  elevates  the  muzzle,  the  turret  swings 
round,  and  the  shot  is  fired.  A  9-inch  gun,  mounted  ex¬ 
perimentally  in  a  turret  at  Elswick,  and  loaded  on  this 
system,  was  brought  to  the  loading  position,  sponged, 
loaded,  and  brought  back  to  the  firing-point  in  forty 
seconds.  Comparatively  equally  rapid  loading  was 
effected  with  the  38-ton  gun  during  the  experimental 
trial  of  the  hydraulic  gear  on  board  the  Thunderer. 
Thus,  the  first  advantage  of  the  system  is  rapidity  of 
fire ;  the  second  is  economy  of  labour.  One  man  only 
is  stationed  in  the  turret  for  each  gun,  another  works 
the  hydraulic  rammer  on  the  main  deck,  and  six  or 
eight  others  are  employed  in  bringing  up  the  ammu¬ 
nition  to  the  shot-lift  by  means  of  a  small  tramway. 
There  are  two  sets  of  loading-gear  for  each  turret ;  but 
even  if  both  were  put  out  of  order,  the  gun  could  still 
be  loaded  with  an  ordinary  rammer  and  sponge  by  a 
number  of  men  stationed  on  the  main  deck.  The 
adoption  of  this  system  enables  very  heavy  guns  to  be 
carried  in  comparatively  small  turrets.  Those  of  the 
Inflexible  are  very  little  larger  than  those  of  the 
Devastation,  so  that  with  the  old  plan  of  having  a 
numerous  crew  in  the  turret  and  running  in  the  gun 
in  order  to  load  it  by  hand,  only  the  38-ton  gun  could 
be  carried.  As  it  is  quite  possible  that  the  Inflexible 
will  be  armed  with  even  more  tremendous  weapons 
than  the  80-ton  guns,  this  has  been  held  in  view  in 
designing  the  ship;  and,  by  a  slight  modification,  it 
will  be  possible  to  mount  in  each  of  her  turrets  a  pair 
of  160-ton  guns,  with  a  length  of  30  feet  and  a  calibre 
of  20  inches.  The  armament  of  the  Inflexible  will  be 
composed  of  four  of  the  heaviest  guns  (exce|)t  those 
making  for  the  Italian  vessels)  ever  constructed,  of 
which  the  experimental  80-ton  gun  completed  at  Wool¬ 
wich,  and  tested,  is  the  type.  It  is  constructed  of 
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wrought-iron  coils  welded  round  the  massive  central 
steel  tube.  This  tube,  wbicb  forms  the  core  of  the  gun, 
is  bored  out  of  a  solid  ingot,  which  cost  £1,700.  The 
,  bore  is  24  feet  long,  and  rifled  from  the  muzzle  to 
within  a  short  distance  of  the  base  of  the  tube,  where 
the  unrifled  portion  forms  the  powder-chamber.  The 
greatest  external  diameter  of  the  gun  is  6  feet,  and  at 
the  muzzle  it  is  2  feet  in  diameter.  The  full  calibre 
is  16  inches.  The  experimental  gun  was  first  bored 
out  to  14^  inches  and  tested;  for  a  second  series  of 
experiments  it  was  given  a  calibre  of  15  inches,  and 
then  bored  to  the  full  calibre  of  16  inches  and  finally 
tested. 

The  gun  is  rifled  with  13  grooves,  each  having  an 
increasing  pitch  from  0  to  1  in  35  calibres.  The  ser¬ 
vice  powder- charge  is  370  pounds  of  1‘5  inch  powder. 
The  weight  of  the  projectile  for  the  service-shell  is 
1,700  pounds,  and  the  bursting  charge  about  100 
pounds  of  powder.  The  details  of  the  series  of  proof- 
trials  at  Woolwich,  and  also  the  tests  at  Shoeburyness, 
have  been  widely  published.  Still,  for  reference,  it 
may  be  well  to  give  here  the  results  of  the  trials  last 
made  with  the  calibre  of  16  inches,  that  at  which  the 
gun  is  to  be  used  in  actual  warfare  : — 


Number  of 
Kuunds. 

1  Size  of  Towder. 

I 

Weight  of 
Charge. 

Weight  of  Pro¬ 
jectile. 

Muzzle  Velocity 
per  Second. 

1 

Mean  Pres¬ 
sure  in 
Gun. 

Total  Energy 
Developed. 

1  . 

Cubic 

Inches. 

1*6 

Pounds. 

340 

Pounds. 

1,700 

Feet. 

1.486 

Tons  per 
Square  inch. 
20-1 

Foot-tons. 

26,030 

2  . 

1'5 

350 

1,7U0 

1,505 

20-4 

20,740 

3  . 

1’5 

350 

i,:oo 

1,502 

1,467 

20:{ 

26,630 

4  . 

1*5 

350 

1,70m 

19-6 

25,406 

5  . 

1’5 

350 

l.TuO 

1,475 

18'4 

25,683 

6  . 

1'5 

350 

1,700 

1,^93 

21 

26,314 

t  . 

1'5 

360 

1,700 

1,487 

18-8 

26.103 

8  . 

1*5 

370 

1,700 

1,495 

7  9-9 

26,385 

^  . 

1*6 

350 

1,700 

i,518 

20-5 

27,203 

10  . 

1-5 

370 

1,700 

1,523 

20-3 

27,383 

11  . 

1-5 

360 

l,7i'0 

1,519 

21-3 

27,239 

12  . 

1*5 

360 

1,7'0 

1,518 

20 

27,2ii3 

13  . 

1*5 

370 

1,700 

1,519 

19'« 

27,239 

14  . 

1*5 

370 

1,700 

1,617 

2()-7 

27,168 
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The  experiments  for  range  and  accuracy  were  con¬ 
ducted  at  Shoeburyness,  and  are  reported  to  have 
obtained  the  unqualified  approval  of  the  authorities. 
When  the  experiments  were  concluded,  on  the  4th  of 
October,  1876,  the  80-ton  gun  had  fired  140  rounds, 
and  it  may  be  interesting  to  summarise  the  amount  of 
ammunition  that  had  then  been  expended.  “  With  its 
normal  calibre  of  14’5  inches  it  fired  4,660  pounds  of 
powder  and  27,052  pounds  of  iron  in  21  rounds.  With 
a  calibre  of  15  inches  it  fired  in  32  rounds  8,223  pounds 
of  powder  and  45,712  pounds  of  iron.  With  the  same 
calibre,  but  with  a  powder-chamber  of  16  inches,  in  21 
rounds  it  disposed  of  6,020  pounds  of  powder  and 
30,810  pounds  of  shot.  With  its  present  uniform  bore 
of  16  inches,  and  while  at  Woolwich,  it  fired  8,870 
pounds  of  powder  and  45,981  pounds  of  iron  in  27 
rounds.  This  gives  27,773  pounds  of  powder  and 
149,555  pounds  of  iron  expended  at  Woolwich  in  101 
rounds.  At  Shoeburyness  the  gun  has  fired  39  rounds 
with  14,430  pounds  of  powder  and  66,300  pounds  of 
iron.  This  gives  a  total  number  of  140  rounds,  42,203 
pounds  of  powder,  and  215,855  pounds  of  iron.” 

During  the  experiments  for  range,  shells  were 
reported  to  have  been  recovered  from  a  minimum  dis¬ 
tance  of  six  miles ;  others  were  traced  still  farther, 
until  deep  water  arrested  the  progress  of  the  explorers. 

Important  results  have  been  achieved  with  the  gun 
which  comes  next  below  the  80-ton  gun  in  magnitude, 
viz.  the  38-ton  gun  of  the  pattern  mounted  in  the  fore 
turret  of  the  Thunderer,  which  has  been  manufactured  for 
the  Dreadnought,  and  also  designed  for  the  Agamemnon 
and  Ajax ;  and  it  may  be  interesting  for  reference  to 
state  that  the  38-ton  gun  has  sent  its  projectile  nearly 
through  an  armoured  target  of  the  following  con¬ 
struction  :  A  12-inch  plate,  an  8-inch  plate,  6  inches 
of  teak,  and  a  5-inch  plate,  into  which  last  it  penetrated 
2  inches,  or  altogether  22  inches  of  iron  and  6  inches 
of  teak.  In  another  instance,  the  projectile  was  sent 
through  a  target  built  up  in  the  following  manner : 
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A  4-inc]i  plate,  an  8-incli  plate,  6  inches  of  teak,  a 
5-inch  plate,  0  inches  of  teak,  and  an  inner  1-inch  skin, 
supported  by  angle-irons,  making  altogether  18  inches 
of  iron  and  12  inches  of  tealf.  This  was  done  at  close 
quarters.  Besides,  in  October  1876,  at  a  range  of 
70  yards,  the  projectile  was  sent  nearly  through  a 
target  composed  as  follows :  Three  plates,  each  10  feet 
wide,  8  feet  high,  and  6^  inches  thick ;  with  5  inches 
of  teak  backing  between  the  plates,  making  the  total 
thickness  of  the  target  29^  inches.  The  shot,  which 
had  a  striking  velocity  of  1,421  feet  per  second,  punched 
a  clean  hole  13  inches  by  12^  inches  in  the  two  front 
plates,  and  penetrated  into  the  rear  plate,  where  it 
broke  up.  The  charge  was  130  pounds  of  1-inch 
pebble-powder,  and  the  projectile  weighed  812  pounds. 
The  target  was  an  exact  sample  of  the  armour  of  some 
of  the  English  coast  forts ;  so  that,  as  a  prelude  to 
experiments  on  a  larger  scale,  this  experiment  opens 
up  the  question  of  coast  defence. 

Some  idea  of  the  amount  of  ammunition  required  for 
the  80-ton  gun  may  be  formed  when  it  is  estimated  that 
in  action,  if  the  Inflexible  fired  only  ten  shots  from 
each  of  the  four  guns,  she  would  use  up  14,800  pounds 
of  pebble-powder,  and  upwards  of  30  tons  of  projectiles, 
at  a  cost  of  about  £1,320. 

The  cost  of  the  gun,  exclusive  of  carriage  and  the 
machinery  for  working  it,  was  estimated  at  £15,000, 
and  the  factory-plant  and  experimental  trials  at 
£10,000.  The  actual  cost  of  each  of  the  eight  guns 
will  be  best  known  when  all  are  manufactured. 

The  target  against  which  this  gun  has  been  proving 
its  powers  is  the  most  formidable  of  any  hitherto 
fired  at.  It  is  gigantic  even  in  comparison  with 
those  fired  at  by  the  100-ton  gun  at  Spezzia,  which 
will  hereafter  be  noticed.  Its  construction  is  shown 
by  the  accompanying  illustration,  which,  together 
with  the  following  figures  and  etplanations,  is  taken 
from  the  Engineer  of  the  2nd  and  9th  of  February, 
1877. 


N"  41  AFTER  IMPACT  OF  SHOT. 
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This  target  is  altogether  different  from  the  Spezzia 
targets,  as  may  be  seen  by  referring  to  the  sketch.  It 
is  composed  of  four  iron  armour-plates,  each  8  inches 
thick,  between  which  are  sandwiched  three  layers  of 
teak,  each  5  inches  thick  ;  amounting  in  all  to  32  inches 
of  iron  and  15  inches  of  teak.  The  plates  are  16  feet  in 
length  by  10  feet  in  breadth.  Each  plate  weighs  23 
tons,  the  collective  weight  of  iron  being  thus  92  tons. 
The  plates  are  secured  together  in  pairs  by  bolts  ;  that 
is  to  say,  the  front  plate  is  bolted  to  the  second  one, 
the  second  to  the  third,  the  third  to  the  fourth,  and  the 
fourth  to  the  horizontal  beams  in  the  rear.  The  bolts 
employed  are  3  inches  in  diameter.  The  shank  of  the 
bolt  has  the  Palliser  projecting  screw-thread  on  it, 
while  the  head  is  made  on  the  ball-and-socket  principle, 
with  the  hole  in  the  plate  allowing  play  round  the 
neck  of  the  shank,  so  that  one  plate  may  move  slightly 
on  the  next  without  shearing  the  bolt. 

The  target  is  supported  by  a  heavy  frame-work  of 
beams,  mostly  14  inches  square,  and  very  firmly  secured 
to  the  ground  by  strutted  piles  at  the  ends,  and 
weighted  with  an  old  armour-plate  at  the  top  to  keep 
the  teak  filling  from  escaping  under  impact. 

The  cost  of  the  armour  plates  and  bolts  was  about 
£5,062,  and  the  additional  cost  of  the  timber  and  labour 
about  £208. 

The  first  shot  was  fired  on  the  1st  of  February,  1877. 

“  The  gun  was  charged  with  370  pounds  of  powder, 
cubes  of  1'5  inch ;  and  a  Palliser  projectile  filled  with  j 
sand  to  1,700  pounds’  weight,  including  gas-check,  and 
plugged.  This  projectile  was  of  service-form,  haviug 
an  ogival  head  of  IJ  calibre  radius.” 

“  The  projectile  buried  itself  in  the  target,  having 
penetrated  through  the  first  three  plates  and  the  three 
layers  of  wood,  and  also  about  one  inch  into  the  rear 
plate,  that  is,  it  penetrated  through  24  inches  of  iron, 
15  inches  of  teak- wood,  and  was  arrested  with  the 
point  one  inch  into  the  fourth  plate;  thus  leaving 
7  inches  of  iron  in  front,  of  it  unpierced,  which  iron, 
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beino-  cracked  and  bent,  would  offer  greatly-diminished 
resistance  to  further  penetration — the  projectile  itself 
being  split.” 

“  The  horizontal  beam  at  the  base  of  the  back  of  the 
target  was  crushed  and  split  into  ribbands,  and  the 
whole  target-structure  sprung  and  shaken.” 

“  On  the  same  day  a  blind  common  shell  was  fired 
from  the  81-ton  gun  at  an  old  8-inch  unbacked  armour- 
plate,  which  was  completely  demolished,  being  split 
and  broken  across,  and  thrown  out  of  its  position,  and 
the  shell  broken  up  and  scattered.” 

“  Doubtless  the  common  shell  from  this  gun  would  be 
terrible  against  any  weak-armoured  ship.” 

The  propelling  machinery  of  the  Inflexible  was  con¬ 
structed  by  Messrs.  John  Elder  &  Co.,  of  Glasgow. 
Each  screw  will  be  driven  by  an  independent  set  of 
compound  engines,  with  three  vertical  inverted  cylin¬ 
ders  of  the  collective  power  of  4,000  horses,  giving 
an  aggregate  power  of  8,000  horses,  indicated,  for  both 
sets  of  engines.  The  diameter  of  the  high-pressure 
cylinder  is  70  inches,  and  the  diameter  of  each  low'- 
pressure  cylinder  is  90  inches  ;  the  former  being  placed 
between  the  two  latter.  They  are  steam-jacketed,  and 
are  connected  together  by  stay-bolts  continued  to  the 
bulkheads,  so  as  to  serve  as  ramming-chocks.  The 
pistons  have  a  stroke  of  4  feet,  and  the  number  of  revo¬ 
lutions  expected  is  65  per  minute.  The  piston-rods 
are  double,  and  are  connected  by  crank  cross-heads. 
They  are  each  7  inches  in  diameter,  the  connecting- 
rods  having  a  diameter  of  9  inches  and  a  length  of 
7  feet  6  inches.  The  valves  are  of  the  piston  kind. 
They  are  worked  by  link  .motions  and  levers,  and  are 
reversed  by  an  ingenious  combination  of  steam  and 
hydraulic  power.  The  engines  at  starting  are  assisted 
by  auxiliary  steam-gear,  the  valves  of  w'hich  are  fitted 
to  the  receiver.  The  steam  from  the  low-pressure 
cylinders  is  exhausted  into  independent  surface  con¬ 
densers,  having  a  total  cooling  surface  of  16,000  square 
feet.  The  steam  is  condensed  in  the  interior  of  a 


THE  BRITISH  NAVY. 


23 


series  of  tubes  of  |-inch  external  diameter,  of  which 
each  condenser  has  no  less  than  6,650.  The  condensers 
are  constructed  to  be  worked  as  common  condensers. 
The  circulating  pumps  are  actuated  by  separate 
engines,  each  liaving  its  own  feed,  bilge,  and  air- 
pumps,  worked  by  levers  from  the  cross-heads.  The 
air-pumps  are  made  of  gun-metal,  with  a  diameter  of 
34  inches  and  a  stroke  of  2  feet  3  inches,  the  water 
being  discharged  below  the  armour-deck.  With  re¬ 
spect  to  the  centrifugal  pumps,  it  may  be  mentioned 
that  they  are  judiciously  placed  at  so  high  a  level  in 
the  vessel  that  in  the  case  of  leakage  occurring,  and 
the  ship’s  bottom  being  flooded  to  as  great  a  depth 
as  12  feet,  they  may  be  worked  with  perfect  freedom. 
There  are  also  double-acting  band-pumps,  each  two 
coupled ;  feed  donkey-engines,  each  with  double¬ 
acting  pumps  4  inches  in  diameter ;  bilge-donkeys, 
each  with  double-acting  pumps  6  inches  in  diameter ; 
and  fire-engines,  with  double-acting  pumps  inches 
in  diameter.  It  may  be  mentioned  that  the  engines 
which  work  the  circulating-pumps  are  also  made  to 
pump  out  the  bilge  in  the  event  of  the  ship  springing 
a  leak  or  sustaining  damage  from  being  rammed ;  that 
the  centrifugal  pumps  are  to  be  sufficiently  powerful 
to  perform  tire  same  work  in  case  of  emergency ;  and 
that  a  Kingston  valve  is  fitted  through  tlie  bottom,  in 
connection  with  each  fire-pump. 

Each  cylinder  is  fitted  with  an  expansion-valve, 
having  a  variable  cut-olf,  with  an  extreme  range  of 
from  one-sixth  to  one-half  stroke.  These  valves  are 
cylindrical  gridiron-valves,  of  phosphor-bronze,*  3  feet 

*  This  alloy  is  now  gaining  favour  for  cylinder  valve-faces  where 
high-pressure  steam  is  used,  and  for  bearings  where  heavy  pressures 
are  applied.  Its  component  parts  consist  of  copper,  tin,  and  phos¬ 
phorus,  and  it  is  capable  of  being  made  tough  and  malleable,  or  hard, 
according  to  the  proportions  of  the  several  ingredients.  It  is  rendered 
60  liquid  in  the  molten  slate  by  the  addition  of  the  phosphorus  that  it 
forms  very  clean  castings. 

Messrs.  Levi  &  Kingel,  of  the  Val  Benoit  nickel  works,  near  Liege, 
Belgium,  have,  for  a  number  of  years  past,  been  engaged  in  making 
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in  diameter,  working  on  cast-iron  gridii'on  seats,  and 
giving  a  minimum  of  clearance  between  the  expansion 
valve  and  main  slide.  They  are  worked  by  an  eccen- 
ti'ic  on  the  crank-shaft  and  a  slotted  lever,  and  are  all 
connected  to  a  shaft  in  front  of  the  engines  so  that  they 
may  be  thrown  out  by  a  single  handle.  Each  engine  is 
also  fitted  with  a  common  injection  apparatus.  The 
crank-shaft  is  formed  of  three  pieces,  the  diameter  of 
the  bearings  being  17|  inches.  The  propellers  will  be 
about  20  feet  in  diameter,  and  will  be  worked  outwards, 
the  thrust  being  at  the  after  end.  The  shaft  tubes  are 
of  wrought  iron,  supported  by  struts,  while  the  shafting 
will  be  made  of  Whitworth  fiuid-compressed  steel,  with 
solid  couplings.  It  will  be  hollow,  the  inner  diameter 
being  10  inches  and  the  outer  16  inches.  The  faces  of  the 
high-pressure  cylinders  are  formed  of  pihosphor-bronze 
2  inches  thick ;  the  liners  of  the  cyiindei  s  are  also 
constructed  of  the  Whitworth  compressed  steel,  which 
possesses  properties  rendering  it  not  only  extremely 
light,  but  at  the  same  time  much  more  trustworthy 
than  the  ordinary  metal  used  for  this  and  shafting  pur- 


cxjjeriments  for  the  purpose  of  iniproviug  bronzes  of  this  kind.  The 
results  of  their  experiments  are  tlius  sumini  cl  up  by  M.  Dumas ; — 
‘•The  colour,  when  the  proportion  of  phosphorus  exceeds  half  per 
cent.,  becomes  waim  and  like  that  of  gold  largely  mixed  with  copper. 
The  grain  and  fracture  approximate  to  those  of  steel,  the  elasticity  is 
considerably  increased,  tlie  absolnte  resistance  nnder  a  fixed  strain 
becomes  more  than  doubled,  the  density  is  equally  increased,  and  to 
such  a  degree  that  some  alloys  are  with  difficulty  touched  by  the  file. 
T'he  metal  when  cast  has  great  fluidity,  and  fills  the  moidd  perfectly. 
By  varying  the  dose  of  phosphorus  the  particular  characteristic  of  the 
alloy  which  is  most  desired  can  be  varied  at  will.” 

In  a  series  of  experiments  at  the  Royal  Academy  of  Industry  at 
Berlin,  a  bar  of  phosphor-bronze  (proportions  of  components  not 
stated),  under  a  strain  of  ten  tons  resisted  862,980  bends,  while  the 
best  gun-metal  broke  after  102,650  bends. 

In  Austria  the  following  comparative  results  have  been  obtained  : — 

^  Ahsoliite  Bedstanoe. 

Pounds  per  Square  Inch. 

.  81,798 

.  72,258 

.  31,792 


Phosphor-bronze 
Krupp  cast  steel 
Ordnance  bronze 
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poses.  Each  engine  will  be  fitted  with  a  governor,  to 
prevent  racing  in  stormy  weather  ;  and  in  addition  to  the 
hand-gear,  small  auxiliary  engines  will  be  erected  for 
turning  the  main  engines. 

The  steam  is  to  be  furnished  by  twelve  boilers,  eight 
single-ended  and  four  double-ended.  They  are  con¬ 
structed  of  the  best  Lowmoor  plates,  tested  to  21  tons 
lengthwise  and  18  tons  crosswise,  and  the  pressm’e  of 
steam  wid  be  60  pounds  per  square  inch.  The  four 
double-ended  boilers  are  17  feet  long,  9  feet  3  inches 
wide,  and  14  feet  3  inches  high,  with  four  furnaces  in 
each.  Eour  of  the  single-ended  boilers  are  9  feet 
long,  13  feet  7  inches  wide,  and  15  feet  6  inches  high, 
Avitii  three  furnaces  each ;  and  the  four  remaining 
single-ended  boilers  are  9  feet  long,  11  feet  wide,  and 
13  feet  4  inches  high,  with  two  furnaces,  each  having  a 
separate  fire-box.  All  the  boilers  are  to  be  clothed 
with  four  thicknesses  of  boiier-felt,  and  covered  with 
galvanized  sheet-iron,  and  are  stayed  to  prevent  their 
moving  by  concussion  when  the  ship  is  engaged  in 
ramming.  They  are  to  be  supplied  with  water  by 
four  feed-pumps,  which  are  attached  to  each  engine, 
th-e  pumps  being  7^  inches  in  diameter,  and  having  a 
stroke  of  2  feet  6  inches.  In  the  event  of  the  feed¬ 
pumps  receiving  injury,  the  boilers  are  provided  with 
four  small  auxiliary  engines,  one  in  each  boiler-room, 
and  having  separate  connections  with  the  boilers.  The 
two  auxiliary  engines  which  are  used  for  washing  the 
decks  are  also  arranged  to  work  the  fire-engines  in  the 
engine-room.  The  safety-valves  are  fitted  with  springs 
upon  an  improved  plan.  The  funnels,  of  which  there 
will  be  two,  are  65  feet  high  from  the  dead- plate  of  the 
lower  furnaces.  The  bunkers  which  are  placed  at  the 
water-line  along  the  unarmoured  sides  of  the  ship, 
where  the  entrance  of  shot  or  water  cannot  injure 
them,  are  built  to  store  1,200  tons  of  coal,  and  are  so 
disposed  that  their  contents  can  be  approached  from 
the  upper  and  lower  compartments  independently  of 
each  other. 
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The  Injlexihle  is  also  to  possess  sail-power,  with  re¬ 
spect  to  the  advantages  of  which  considerable  diversity 
of  opinion  exists.  She  will  be  brig-rigged,  having  two 
iron  masts,  but  no  bowsprit  or  stay  gear.  The  fore¬ 
mast  will  be  36  inches  in  diameter,  and  will  measure 
83  feet  6  inches  from  the  deck  to  the  head,  while  the 
main-mast  will  have  a  diameter  of  37  inches  and  a 
height  of  96  feet.  Each  will  have  a  top-mast  and  top¬ 
gallant  mast,  with  lower  yard,  top-sail  yard,  and  top¬ 
gallant  yard.  Tbe  total  area  of  sails  will  be  18,470 
square  feet. 

In  time  of  war  it  is  intended  that  the  ship  will  carry 
no  masts,  except  for  signal  purposes. 

The  anchors,  of  which  there  are  to  be  four,  will  be 
of  Martin’s  self-canting  pattern. 

The  estimated  weight  of  the  hull  is  7,300  tons.* 
The  engines  weigh  614  tons.  The  propellers,  shafts, 
and  stern  fittings  weigh  151  tons  each  ;  the  boilers, 
smoke-pipes,  casings,  &c.,  522  tons,  and  the  water 
in  the  boilers,  when  ready  for  steaming,  is  estimated 
at  190  tons. 

The  cost  is  estimated  as  follows  ; — 


Materials  .  £269,000 

Engines  and  appendages  .  100,150 

Boilers  .  20,600 

Labour . 132,000 


Total .  £521,750 


As  a  new  type  of  a  man-of-war  the  leading  features 
of  the  Inflexible  may  be  summed  up  as  follows.  The 
armour  is  confined  to  the  central  fighting  portion  and 
to  the  main  substructure  which  floats  the  ship.  An 
armoured  deck  7  feet  under  water  divides  the  vessel 
into  two  separate  portions.  The  unarmoured  ends  are 
so  constructed  that  the  vessel  will  float  even  when 

*  This  weight  includes  all  armour  and  backing  on  citadcd  and  turrets, 
the  turrets  themselves,  and  the  deck  armour.  (Ed.) 
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they  are  penetrated  by  shot.*  The  ship  has  a  wide 
beam  and  a  comparatively  light  draught  of  water. 
The  deck-houses  give  a  high  bow  and  stern,  and  the 
turrets  are  so  arranged  as  to  enable  all  four  guns  to 
be  fired  both  ahead  and  astern,  or  on  either  beam. 

The  Inflexible  has  been  accepted  as  the  type  of 
future  British  line-of-battle  ships,  and  the  Admiralty 
have  determined  on  building  others,  two  of  which  are 
already  under  process  of  construction,  viz.  the  Aga¬ 
memnon  at  Chatham  and  the  Ajax  at  Pembroke. 
These  sister  vessels  are  to  be  of  reduced  dimensions. 
They  will  be  280  feet  long,  66  feet  wide,  and  will  have 
a  displacement  of  8,500  tons,  with  a  mean  draught  of 
water  of  25  feet.  They  are  to  carry  armour  18  inches 
thick  and  an  armament  of  two  38-ton  guns  in  each  of 
their  two  turrets.  Their  indicated  horse-power  is  to 
be  6,000. 

In  perusing  the  foregoing  description  of  the  In¬ 
flexible  it  will  have  been  seen  that  her  double  bottom 
is  divided  and  subdivided  into  an  unusual  number  of 
spaces,  and  that  water-tight  bulkheads  have  been 
introduced  to  an  extent  not  before  attempted,  and  in 
fact  almost  every  conceivable  precaution  has  been 
taken  to  make  her  secure  against  the  ram  and  the 
torpedo.  If,  however,  she  should  be  fairly  struck  by 
several  powerful  fish-torpedoes  it  is  quite  probable  she 
would  be  crippled,  w'ater-logged,  or  possibly  sunk.f 
The  question  therefore  presented  is,  whether  two 
vessels  of  smaller  dimensions,  each  carrying  two  81- 
ton  guns  instead  of  four,  would  not  have  been  a  safer 
and  in  some  respects  a  better  investment. 

*  This  is  a  question  upon  which  Mr.  E.  J.  Eeed,  C.B.,  M.P.,  has 
cast  much  doubt ;  and  an  Admiralty  committee  has  been  appointed 
to  investigate  it.  The  result  is  briefly  described  in  the  Preface, 
page  V.  (Ed.) 

t  The  Inflexible  possesses  powers  of  resistance  to  the  effects  of 
torpedo  attack  such  as  are  indicated  by  the  text  when  her  unarmoured 
ends  are  uninjured;  but  unfortunately  the  report  of  the  committee 
states  that,  with  those  ends  riddled  and  gutted  by  shell  fire,  the  small 
residuum  of  stability  she  would  then  possess  would  not  avail  to  render  the 
attack  of  even  one  well-directed  torpedo  other  than  fatal  to  her.  (Ed.) 
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CHAPTER  IIP 

THE  BRITISH  NAVY.— H.M.S.  DEVASTATION. 

The  Devastation,  as  designed  in  1869,  was  a  low  free¬ 
board,  sea-going  turret-ship.  She  was  the  first  of  this 
character  which  it  was  determined  to  build  from  plans 
prepared  at  the  Admiralty.  The  great  question  of  that 
day  in  England,  “  Turret  versus  Broadside,”  for  mount¬ 
ing  heavy  guns  in  sea-going  armoured  ships,  will  still 
be  remembered  by  all  persons  conversant  with  the  pro¬ 
gress  of  naval  construction.  So  strong  were  the  sup¬ 
porters  of  certain  views  with  regard  to  the  former  sys¬ 
tem  that,  notwithstanding  the  continued  opposition  of 
Mr.  Reed,  then  Chief  Constructor  of  the  Navy,  the  order 
had  been  given  for  the  Captain,  a  vessel  em.bodyiiig  these 
views  to  a  dangerous  extent,  to  be  designed  and  built  by 
a  private  firm.  The  Devastation  may  be  regarded  as 
designed  to  compete  with  the  Captain.  She  represented 
Air.  Reed’s  views  of  what  a  sea-going  monitor  should  be. 
Low  sides  were  adopted,  but  not  in  combination  with 
rigging  and  sails,  as  was  the  case  in  the  ill-fated  Captain. 
As  originally  designed,  the  Devastation  was  285  feet  long 
between  the  perpendiculars,  62  feet  3  inches  beam,  and 
26  feet  1|-  inch  mean  draught.  Her  sides,  which,  except 
right  forward,  rose  only  to  the  height  of  4  feet  6  inches 
above  the  surface  of  the  water,  were  protected  by 
armour  12  inches  thick.  Her  armament  consisted  of 
four  25-ton  guns,  mounted  in  pairs  in  two  turrets ;  one 
at  each  end  of  a  raised  breastwork  or  platform,  which 
extended  about  150  feet  along  the  middle  of  the  upper 
deck.  The  guns  were  thus  elevated  to  a  height  of  some 
14  feet  above  the  surface  of  the  water.  The  turrets 
were  protected  by  armour  12  inches  and  14  inches 
thick,  and  the  breastwork  by  armour  10  inclies  and  12 
inches  thick.  A  forecastle  extended  forward  from  the 
fore-end  of  the  breastwork,  at  a  height  of  9  feet  3  inches 
above  the  water-line,  but  in  wake  of  this  forecastle 
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the  armour  on  the  sides  dropped  to  a  height  of  only 
6  inches  above  the  surface  of  the  water,  and  corresponded 
with  the  level  of  an  armoured  deck.  All  tlie  necessary 
hatchway  openings,  &c.,  into  the  ship  were  led  up  by 
iron  trunks  to  a  light  flying  deck,  wliich  extended  be¬ 
tween  the  two  turrets,  somewhat  overlapping  each. 

The  vessel  was  to  be  propelled  by  two  screws,  one 
under  each  counter,  and  each  screw  to  be  worked  by 
separate  pairs  of  engines,  so  that  the  ship  miirht  be 
driven  by  their  conjoint  action  or  by  either  of  them 
working  singly.  The  total  power  of  the  engines  was 
to  be  5,600  horses,  indicated,  and  the  estimated  speed 
12’5  knots.  She  was  designed  witli  a  spur  bow,  tlie 
point  of  the  ram  advancing  some  10  or  12  feet  under 
water.  The  strength  of  the  hull  was  arranged  so 
as  to  give  great  support  to  the  bow  w'hen  ramming. 
She  had  a  double  bottom,  tlie  space  between  the  two 
skins  being  divided,  as  is  usual,  into  a  number  of 
separate  water-tight  cells,  so  that  injury  to  the  outer 
bottom  would  only  result  in  the  filling  of  one  or  more 
of  these.  The  hold  of  the  vessel,  also,  was  divided 
into  a  number  of  compartments  by  water-tight  bulk¬ 
heads  across  the  ship ;  so  that  even  in  the  event 
of  a  clean  breach  being  made  through  both  bottoms, 
such  as  might  be  eflected  by  a  torpedo,  for  instance, 
she  might  still  have  a  considerable  chance  of  escape, 
from  being  able  to  confine  the  w'ater  to  the  compart¬ 
ment  or  compartments  into  which  the  breach  was  made. 

This  was  the  Devastation  as  first  designed,  and  the 
work  of  building  W'as  rapidly  pushed  forw'ard  at  Ports¬ 
mouth  dock-yard.  The  Captain  in  the  meantime  w^as 
winning  a  high  reputation.  She  had  been  launched  in 
March  1869,  and  had  during  the  year  1870  made 
one  or  two  successful  cruises.  True,  when  completed, 
it  was  found  that  a  very  important  element  in  connec¬ 
tion  with  the  design,  viz.  the  weight  of  the  ship,  and 
consequently  the  draught  of  water  and  height  of  free¬ 
board,  had  been  loosely  calculated ;  but  the  error 
arising  therefrom,  though  by  no  means  small,  was  not 
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regarded  as  serious ;  and  as  it  did  not  apparently  much 
influence  her  sea-going  qualities,  no  special  notice  was 
taken  of  it.  Her  stability  was  never  doubted  by  her 
designers ;  nor,  indeed,  was  her  critical  state  ever  pro¬ 
perly  realised  by  any  one  ;  any  doubt  that  may  have 
existed  was  smothered  by  the  confidence  of  her  advo¬ 
cates.  The  chorus  of  praise  which  she  elicited  on  all 
sides  continued  to  increase,  and  the  question  of  what  the 
type  of  British  war-ship  for  the  future  should  be  was 
supposed  to  be  settled  in  her  beyond  dispute.  Then 
came  the  dreadful  news  that  she  had  gone  down  during 
the  night  between  the  6th  and  7th  of  September  1870, 
off  Cape  Finisterre.  The  wind  had  not  been  unusually 
violent ;  the  sea  had  not  been  exceptionally  heavy ; 
there  were  no  extenuating  circumstances  ;  she  had  not 
bravely  battled  with  even  ordinary  rough  weather ;  she 
was  proceeding  confidently  under  steam  and  sail  when, 
in  an  ordinary  squall,  she  displayed  once  for  all  her 
subtle  and  treacherous  character  by  slowly  turning 
over  and  becoming  the  coffin  of  nearly  the  whole  of 
her  crew,  some  five  hundred  men,  including  a  large 
number  of  accomplished  officers.  The  people  of  Eng¬ 
land  were  almost  panic-stricken  at  this  terrible  news. 
How  it  could  have  occurred  with  the  comparatively 
wfide-spread  knowledge  relating  to  the  subject  and  the 
facts  and  figures  of  her  special  case  before  them,  it 
was  difficult  to  conceive.  To  remove  the  doubt  which 
immediately  arose  as  to  the  safety  of  the  other  ar¬ 
moured  ships,  and  particularly  as  to  that  of  the  Devas¬ 
tation,  a  special  committee  was  appointed  to  examine 
into  the  designs  of  those  vessels.  This  committee, 
which  consisted  of  many  of  the  highest  professional 
and  scientific  authorities  in  England,  met  in  January, 
1871,  and  made  their  report  concerning  the  Devastation 
class  early  in  the  following  March.  After  numerous 
calculations  and  investigations  they  came  ta  the  con¬ 
clusion  that  the  stability  of  the  Devastation  was  every¬ 
thing  that  could  be  desired,  and  reported  that  “  ships 
of  this  class  have  stability  amply  sufficient  to  make 
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them  safe  against  the  rolling  and  heaving  action  of  the 
sea.”  The  committee,  however,  agreed  in  recommending 
a  plan  which  the  constructors  of  the  Admiralty  had 
proposed  with  the  view  of  making  her  still  more  safe. 

By  this  plan,  which  was  afterwards  adopted,  the 
stability  of  the  ship  has  been  very  considerably  in¬ 
creased  ;  and  besides  this,  the  accommodation  of  the 
officers  and  men  has  been  very  largely  augmented.  The 
plan  consisted  in  the  addition  of  side  superstructures. 
They  were  formed  by  continuing  the  ship’s  sides  upwards 
with  light  framing,  as  high  as  the  level  of  the  top  of 
the  breastwork,  and  continuing  the  breastwork  deck 
over  to  the  sides.  The  structures  were  extended  aft  on 
each  side  a  considerable  distance  beyond  the  end  of 
the  breastwork,  providing  twm  spacious  wings,  which 
added  largely  to  the  cabin  accommodation.  Some  other 
alterations  in  the  design  which  were  suggested  by  the 
committee  were  carried  out ;  among  them  may  be 
mentioned  the  introduction  of  athwartship  armour- 
plated  bulkheads,  so  as  to  afford  additional  protection 
to  the  magazines  and  engines.  An  alteration  of  con¬ 
siderable  importance  had  been  made  some  time  before, 
consisting  in  the  substitution  of  35-ton  guns  for  the 
25-ton  guns  originally  arranged.  With  these  and  some 
other  slight  alterations  the  vessel  was  completed.  Her 
mean  draught  of  water  is  now  26  feet  8  inches.  Her 
height  of  side  above  water-line  is  10  feet  9  inches, 
except  right  forward  in  w'ake  of  the  forecastle,  where  it 
is  8  feet  6  inches,  and  right  aft,  abaft  the  superstructure 
where  it  is  only  4  feet. 

All  the  dimensions  and  data  necessary  to  be  knowm 
about  this  powerful  and  interesting  vessel  will  be  found 
in  the  Appendix,  pp.  317-320. 

The  Devastation  is  propelled  by  twin  screws,  each 
driven  by  an  independent  pair  of  engines.  These 
engines,  which  have  been  constructed  by  Messrs.  John 
Penn  &  Sons,  of  Greenwich,  are  of  the  direct-acting 
trunk  type,  and  were  contracted  for  prior  to  the  adop¬ 
tion  of  compound  engines.  They  have  cylinders  88 
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inches  in  diameter,  and  trunks  36^  inches  in  diameter; 
the  trunks  reducing  the  effective  area  of  the  pistons  to 
that  due  to  a  diameter  of  80  inches.  The  c\’linders 
ai’e  steam-jacketed  both  at  the  sides  and  ends,  and  the 
stroke  of  the  pistons  is  3  feet  3  inches.  The  engines 
are  fitted  with  expansion  gear,  which  enables  the 
steam  to  be  cut  off  at  any  required  part  of  the  stroke. 
The  main  slide-valves  are  double-ported,  and  fitted 
with  an  equilibrium-ring.  The  expansion-valves  are 
of  a  gridiron  form,  with  a  variable  stroke  and  cut-off. 
The  admission  of  steam  to  the  engines  is  regulated  by 
equilibrium  valves,  which  are  worked  by  screws  and 
suitable  gearing,  led  away  to  the  starting  platform. 
To  insure  ready  handling  of  the  engines,  small 
auxiliary  slide-valves  are  fitted  to  each  cylinder.  Each 
pair  of  engines  is  fitted  with  a  surface-condenser  con¬ 
taining  5, '132  |-inch  tubes,  6  feet  3^  inches  long ;  the 
condensing  surface  for  each  pair  of  engines  being  thus 
6.710  square  feet.  The  tubes  are  packed  with  screwed 
glands  and  tape  packing.  The  air-pumps  and  the 
circulating-pumps  are  double-acting,  and  are  worked 
direct  from  the  pistons.  The  condensing  water  is 
passed  through  the  tubes  and  the  steam  admitted  to 
the  outside.  The  crank-shafts  are  in  two  pieces,  with 
solid  couplings  forged  on.  The  turning-gear  consists 
of  a  worm-wheel  and  worm,  worked  by  hand  by  means 
of  a  long  ratchet  lever.  The  disconnecting  coupling 
is  fitted  with  four  steel  pins,  which  can  be  drawn  out 
of  gear  by  means  of  screws  and  ratchet  spanners.  The 
thrust  of  the  propellers  is  taken  by  a  bearing  fitted 
with  ten  movable  collars.  The  screw  propellers  are 
17  feet  6  inches  in  diameter,  and  have  19  feet  6  inches 
pitch,  and  are  so  fitted  that  the  pitch  can  be  varied 
from  17  to  22  feet.  The  number  of  blades  to  each  is 
four,  and  the  propellers  are  formed  on  the  Grifiiths 
principle.  The  boilers  are  eight  in  number,  of  the  old 
kind,  containing  thirty-two  furnaces,  the  four  boilers 
in  the  forward  fire-room  having  four  furnaces  each ; 
while  of  the  four  boilers  in  the  after  fire-room  two 
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Lave  three  and  two  Lave  five  furnaces  eacL.  The 
length  of  bars  is  6  feet  6  inches  and  the  width  of 
furnaces  3  feet  2  inches,  the  total  fire-grate  area  being 
thus  742  square  feet.  The  boilers  contain  in  all  2,592 
tubes  inches  in  diameter  and  6  feet  long.  The 
working  pressure  of  steam  is  30  pounds  per  square 
inch.  The  total  heating  surface  is  17,806  square  feet. 
A  superheater  is  fixed  in  each  chimney,  of  which  there 
are  two,  the  total  superheating  surface  exposed  being 
1,866  square  feet.  The  chimneys  are  telescopic,  and 
are  fitted  with  hoisting  gear  and  shell-proof  gratings  at 
the  bottom.  The  length  of  the  ship  occupied  by  the 
engines  is  32  feet,  and  that  by  the  boilers  80  feet ;  this 
latter  length  being  divided  into  two  equal  compart¬ 
ments,  separated  from  the  engines  and  each  other  by 
water-tight  bulkheads.  Telegraphs  are  fitted  between 
the  engine-rooms  and  the  bridge,  and,  in  addition  to 
the  ordinary  means  of  ventilation,  fans  are  fitted, 
driven  by  independent  engines.  A  powerful  fire- 
engine  is  provided  with  pipes  leading  to  all  parts  of 
the  ship.  Engines  are  also  fitted  for  working  the  cap¬ 
stans  and  hoisting  the  ashes.  The  weight  of  engines 
and  boilers  complete,  with  water  in  boilers  and  con¬ 
densers,  and  including  spare  gear  and  all  the  fittings 
above  enumerated  is  985  tons,  or  2'96  cwt.  per  indi¬ 
cated  horse-power  as  developed  when  working  at  full 
power  on  the  official  trial.  The  following  results  wei-e 
obtained  on  the  official  trial,  on  the  2nd  of  September, 
1872 

Ft.  In. 

Draught  of  water  forward  .  26  4 

Draught  of  water  aft  .  26  6 

Immersion  of  upper  edge  of  screw .  7  2 

Pressure  of  steam  in  engine-room,  27  pounds. 


Full  Power. 

Half-power. 

Eevolutions . 

..  76-76 

63 

Mean  pressure  in  cylinders,  starboard. 

..  22-0G6 

12-88 

Mean  pressure  in  cylinders,  port....... 

..  21-.'53 

14-41 

Indicated  horse-power,  starboard . 

3359-21 

1566-03 

Indicated  horse-power,  port . 

3278-5 

1838-89 

Knots. 

Knots. 

Speed  of  vessel  . . . 

,.  13-839 

11-900 
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Immersed  midship  section,  1,460  square  feet  at  26 
feet  5  inches  draught. 

Co-efiScient  for  midship  section,  582. 

Duringthe  full-power  trial  the  total  power  developed 
by  the  two  pairs  of  engines  was  thus  6637'71  horse¬ 
power,  and  the  areas  of  grate  surface,  condensing  sur¬ 
face,  &c.,  per  indicated  horse-power,  were  as  follows  : — 

Square  Feet. 

Fire-grate  . 0T12 

Heating  surface .  2-68 

Heating  surface,  including  superheating  surface . . .  2'96 

Condensing  surface  .  2’02 

The  trial  cruises  of  the  Devastation,  made  to  ascer¬ 
tain  the  degree  of  success  attained  in  the  design  as  an 
engine  of  war,  as  well  as  in  respect  of  sea-going  quali¬ 
ties,  were  made  in  the  summer  of  1873 ;  and  it  may  be 
said  wdth  confidence  that  never  before  did  the  proceed¬ 
ings  of  any  single  vessel  excite  so  large  an  amount  of 
public  interest.  The  novelty  of  her  design  as  an  ocean- 
cruising  man-of-war,  her  odd  appearance,  and  her 
fighting  power,  formed  constant  topics  of  discussion  in 
the  scientific  and  other  papers ;  but  the  real  source  of 
interest  to  the  English  people  was  doubtless  to  be 
found  in  the  fact  that  the  vessel  was  looked  upon  by 
the  general  public  as  belonging  to  the  same  type  as  the 
unfortunate  Captain.  Hence,  notwithstanding  the  vital 
points  of  difference  between  the  two  vessels,  to  which 
attention  had  been  repeatedly  drawn,  her  trials  were 
watched  with  an  interest  amounting  almost  to  anxiety. 

The  preliminary  trials  had  reference  principally  to 
the  performance  of  the  engines,  boilers,  turrets,  and 
other  machinery.  The  great  importance  of  the  first  of 
these  will  be  evident,  since  the  vessel  is  an  ocean-going 
cruiser  without  masts  and  sails,  so  that  she  is  entirely 
dependent  upon  her  engines  for  propulsion.  As  has 
been  seen,  a  speed  of  13-8  knots  per  hour  was  obtained 
at  the  measured-mile  trial,  the  engines  indicating 
6,637  horse-power;  and  it  was  shown  what  distances 
could  be  run  with  the  full  supply  of  coal  by  a  series  of 
steam  trials  at  various  speeds. 


THE  BEITISH  NAVY. 


35 


The  gunnery  trials  were  made  subsequently  at  the 
usual  testing-ground  off  the  Isle  of  Wight.  The  guns 
are  capable  of  being  raised  and  lowered  by  hydraulic 
pressure  through  a  height  of  20  inches,  and  may  thus 
be  placed  for  firing  so  as  to  obtain  any  desirable  degree 
of  elevation  or  depression  in  combination  with  small 
port -holes.  The  projectiles  used  at  the  trials  were 
700-pound  Palliser  shot,  with  a  battering  charge  of 
110  pounds  of  pebble-powder.  At  the  trial  the  guns 
were  fired  first  with  extreme  elevation,  and  then  with 
extreme  depression  in  all  directions  round  the  ship. 
During  two  or  three  trials  off  Portland  and  Qneenstown, 
the  difficulty  of  judging  of  the  Devastation  s  behaviour, 
with  reference  to  the  seas  that  w’ere  met  with,  as  com¬ 
pared  with  the  behaviour  of  ships  of  ordinary  form 
under  similar  circumstances,  suggested  the  desirability 
of  prosecuting  the  ocean  trials  in  company  with  some 
other  ship  or  ships  of  about  the  same  dimensions  but  of 
less  unusual  type.  Carrying  out  this  idea,  the  vessel 
was  placed  in  company  with  the  Agincourt  and  Sultan, 
and  thus  made  to  form  part  of  a  division  of  the  Channel 
Squadron.  The  Agincourt  is  one  of  the  early  iron-dads, 
built  in  1862-65.  She  is  40U  feet  long,  and  is  some- 
w'hat  heavily  rigged  with  five  masts.  She  is  completely 
protected  by  armour  5^  inches  thick.  Her  armament 
consists  of  twenty -eight  guns  in  a  long  battery,  after  the 
old  style  of  frigates ;  but  although  the  thickness  of  her 
armour  and  the  weight  of  her  guns  are  now  out  of  date, 
she  is  claimed  to  be  one  of  the  best  sea-boats  in  the 
fleet.  The  Sultan,  on  the  other  hand,  is  one  of 
the  more  modern  iron-clads.  She  is  short,  not  much 
longer  than  the  Devastation,  and  is  rigged  with  three 
masts  as  a  ship.  Her  armament,  consisting  of  twelve 
guns,  is  mounted  in  a  central  two-decked  battery  and 
protected  by  thick  armour.  The  water-line  is  also 
protected  by  a  belt  of  thick  armour. 

A  scientific  observer  who  was  on  board  the  Devas¬ 
tation  during  these  sea-trials,  wrote  a  highly  interesting 
and  valuable  account  of  the  proceedings,  and,  as  a  mat- 
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ter  of  interest  in  relation  to  the  behaviour  of  this  class 
of  vessels  at  sea,  the  notable  points  of  his  letter  are 
given  as  follows : — 

“  The  squadron,  consisting  of  these  three  vessels,  put 
to  sea  from  Plymouth  Sound  at  the  end  of  August, 
1873 ;  the  programme  laid  down  being  to  proceed  to 
Bere  Haven,  on  the  south-west  coast  of  Ireland,  and 
from  this  point  make  occasional  cruises  into  the  open 
Atlantic,  as  suitable  weather  should  occur.  This  pro¬ 
gramme  was  pretty  strictly  adhered  to  in  all  respects. 
The  vessels  arrived  and  anchored  off  Bere  Haven  on 
the  2nd  of  September,  after  a  cruise  of  four  days, 
during  which  many  points  of  interest  came  out,  although 
no  very  heavy  weather  was  met  with.  Por  purposes  of 
comparison  in  pitching  and  lifting,  &c.,  the  Sultan  had 
the  height  of  tlie  Devastations  upper  deck  at  side 
painted  on  her  in  a  broad  white  stripe,  so  that  the 
behaviour  of  the  two  ships  might  be  quickly  appreciated 
apart  from  the  records  of  instruments.  The  lowness  of 
the  extremities  of  the  Devastation  gives  a  great  deal  of 
interest  to  the  pitching  and  lifting  (really  the  longitu¬ 
dinal  rolling)  of  the  vessel.  Two  trials  were  made,  one 
on  the  9th  and  the  other  on  the  15th  of  September. 
On  the  first  of  these  occasions,  she  was  accompanied  by 
the  Sultan  only,  and  on  the  second  she  was  accom¬ 
panied  by  the  Agineourt  only.  The  seas  met  with  on 
the  9th  of  September  were  lumpy  and  irregular,  the 
wind  having  shifted  somewhat  suddenly  during  the 
previous  night.  Having  got  well  out  to  sea,  about  40 
miles  off  land,  the  wind  was  found  to  be  blowing  rather 
north  of  west  with  the  force  of  a  moderate  gale,  its 
speed  varying  from  40  to  45  miles  per  hour  ;  and  the 
largest  of  the  waves  were  found  to  vary  from  300  to 
350  feet  in  length  from  crest  to  crest,  occasionally 
reaching  400  feet — the  greatest  heights  from  hollow  to 
crest  being  15  and  16  feet.  Going  head  to  sea,  at  from 
six  to  seven  knots,  both  vessels  pitched  considerably ; 
the  Devastation,  however,  had  the  best  of  it,  pitching 
through  smaller  angles  than  the  Sultan.  The  latter 
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vessel  was  remarkably  lively ;  at  one  moment  she  was 
to  be  seen  with  her  ibre-foot  completely  out  of  water, 
and  the  next  with  her  bow  dipped  down  to  so  great  an 
extent  that  it  was  difficult  to  see  from  the  flying  deck 
of  the  Devastation — although  the  ships  were  pretty 
close  together — whether  the  sea  did  not  really  break 
inboard ;  and  this,  notwithstanding  that  the  bow  of  the 
Sultan  rises  forward  some  30  feet  above  the  surface  of 
the  water.  On  the  other  hand,  the  forecastle  deck 
of  the  Devastation  was  repeatedly  swept  by  the  seas, 
to  each  of  which  she  rose  with  surprising  readiness ; 
indeed,  it  invariably  happened  that  the  seas  broke  upon 
her  during  the  upward  journey  of  the  bow,  and  there 
is  no  doubt  it  is  to  this  tact  that  her  moderate  pitching 
was  mainly  due,  as  the  weight  of  the  water  on  the 
forecastle-deck  during  the  short  period  it  remained 
there  acted  as  a  retarding  force,  preventing  the  bow 
from  lifting  as  high  as  it  otherwise  would,  and  this  of 
course  limited  the  succeeding  pitch,  and  so  on.  The 
maximum  angle  pitched  through  on  this  occasion,  i.  e., 
the  angle  between  the  extreme  elevation  and  depression 
of  the  bow  was  7^°.  Each  vessel  behaved  extremely 
well  when  placed  broadside  on  to  the  sea,  rolling  very 
little.  The  trial  of  the  ship  on  the  loth  of  September, 
in  company  with  the  Agineourt,  was  by  far  the  most 
severe  of  any.  Early  in  the  morning  the  vessel  got 
under  weigh  and  steamed  out  to  sea,  accompanied  by 
the  Agineourt.  The  wind  was  blowing  with  considerable 
force  from  the  north-west,  while  the  sea  was  at  times 
very  regular,  long,  and  undulating ;  just  the  sort  to  test 
the  rolling  propensities  of  a  ship,  but  scarcely  long 
enough  to  be  most  effective  in  doing  so,  either  in  the 
case  of  the  Devastation  or  Agineourt.  The  largest  waves 
ranged  from  400  to  650  feet  long,  and  from  20  to  26 
feet  high.  The  ships  were  tried  in  almost  every  posi¬ 
tion  with  regard  to  the  direction  of  the  sea,  and  at 
various  speeds,  the  result  in  point  of  comparison  being 
extremely  interesting,  and,  so  far  as  the  Devastation 
was  concerned,  very  satisfactory.  With  the  sea  dead 
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ahead,  and  proceeding  at  about  seven  knots,  the 
Devastation  pitched  rather  more  than  the  Agincourt, 
although  the  great  length  of  the  latter  compared  with 
that  of  the  former  caused  her  bow  to  rise  and  fall 
through  a  much  greater  height,  giving  her  the  ap¬ 
pearance  of  pitching  through  a  greater  angle.  The 
usual  angles  pitched  through  by  the  Devastation,  mea¬ 
suring  the  whole  arc  from  out  to  out,  were  from  5°  to 
8°;  the  maximum  angle  pitched  through  was,  however, 
llf°.  The  scene  from  the  fore  end  of  the  flying  deck 
when  the  vessel  w^as  thus  going  head  to  sea,  was  very 
imposing.  There  was  repeatedly  a  rush  of  water  over 
the  forecastle,  the  various  fittings,  riding-bitts,  capstan, 
anchors,  &c.,  churning  it  up  into  a  beautiful  cataract 
of  foam ;  while  occasionally  a  wall  of  water  w^ould 
appear  to  rise  up  in  front  of  the  vessel,  and  dashing  on 
board  in  the  most  threatening  style,  as  though  it  would 
carry  all  before  it,  rushed  aft  against  the  fore  turret 
with  great  violence,  and,  after  throwing  a  cloud  of 
heavy  spray  off  the  turret  into  the  air,  dividing  into 
two,  pass  overboard  on  either  side.  All  the  hatchways 
leading  below  from  the  upper  deck  were  closed ;  it  w^as 
not,  however,  thought  necessary  to  close  the  doors  in 
the  sides  of  the  trunks  leading  up  from  the  main  hatch¬ 
ways  to  the  flying  deck,  most  of  the  men  on  deck  pre¬ 
ferring  to  remain  here  under  the  overhang  of  the  flying 
deck.  It  was  quite  the  exception  for  the  water  coming 
over  the  bow  to  get  much  abaft  the  fore  turret ;  but 
this,  however,  occurred  occasionally.  The  foremost 
turret  makes  a  most  perfect  breakwater  ;  it  receives 
with  impunity  the  force  of  the  water,  which,  after 
spending  itself  against  it,  glances  off  overboard,  leaving 
two-thirds  of  the  deck  seldom  wetted.  There  was  one 
sea  which  came  on  board,  while  thus  proceeding  head 
to  sea,  which  was  much  heavier  than  any  other ;  it  rose 
in  front  of  the  vessel  some  ten  or  twelve  feet  above  the 
tbfecastle,  and  broke  on  the  deck  with  great  force,  for 
the  moment  completely  swamping  the  fore  end  of  the 
vessel.  A  mass  of  bi'oken  water  swept  up  over  the  top 
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of  the  fore  turret,  and  heavy  volumes  of  spray  extended 
the  whole  length  of  the  flying  deck,  some  small  portion 
of  it  even  finding  its  way  down  the  funnel-hatchway — 
which  had  been  left  uncovered — into  the  fore  stokehole. 
It  should  be  borne  in  mind  that  the  angles  pitched 
through,  given  above,  do  not  measure  the  inclination  of 
the  ship  to  the  surface  of  the  water,  but  only  her  incli¬ 
nation  to  the  true  vertical.  Pitching  and  lifting  are 
produced  by  the  vessel  endeavouring  to  follow  the  slope 
of  the  waves,  or,  roughly  speaking,  to  keep  her  dis¬ 
placement  the  same  as  in  still  water,  both  as  to  volume 
and  to  longitudinal  distribution. 

“  As  to  the  depressing  effect  of  the  water  on  the  bow, 
a  layer  of  water  one  foot  deep  over  the  entire  forecastle 
exerts  a  pressure  of  65  tons ;  this  will  produce  a  change 
of  trim  of  11  inches,  together  with  an  increase  in  the 
mean  draught  of  If  inch;  i.e.  the  draught  of  w’ater 
forward  will  be  increased  by  7f  inches,  while  that  aft 
will  be  diminished  by  3|  inches.  A  layer  tw'o  feet 
thick  will  have  double  this  effect ;  one  three  feet  thick 
will  have  treble  the  effect,  and  so  on  up  to  a  consider¬ 
able  angle.  This  follows  from  the  fact  that  the  front 
slope  of  the  longitudinal  curve  of  stability,  up  to  a  con¬ 
siderable  angle,  is  very  nearly  straight.  Hence  the 
effect,  even  of  a  large  body  of  w'ater  passing  over  the 
forecastle,  tending  to  make  the  vessel  dive  down  head 
foremost,  is  small,  and  of  no  importance.  It  modifies, 
however,  the  transverse  stability.  When  proceeding 
head  to  sea  there  was  no  appreciable  rolling  motion. 
With  the  wind  and  sea  on  the  bow  she  pitched  con¬ 
siderably  less  than  when  going  head  to  sea,  but  rolled 
through  5°  or  6°.  With  the  wind  and  sea  abeam,  lying 
passively  in  the  trough  of  the  waves,  the  maximum 
angle  rolled  through  was  14°  from  port  to  starboard, 
6^°  to  windward,  and  7^°  to  leeward,  and  this  without 
perceptible  pitching.  When,  however,  proceeding  at 
about  knots,  with  the  wind  and  sea  on  her  quarter, 
she  rolled  through  27^°  from  port  to  starboard,  13°  off 
the  perpendicular  to  windward,  and  14^°  off  the  perpen- 
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dicular  to  leeward,  besides  also  pitching  through  some 
4°  or  5°.  This  is  by  far  the  greatest  angle  she  has  ever 
rolled  through.  It  is  the  apparent  period  of  the  waves, 
i.e.  their  period  relatively  to  the  ship,  which  operates 
in  making  a  vessel  roll.  The  motions  of  the  vessel, 
both  as  to  pitching  and  lifting  and  to  rolling,  were  ex¬ 
tremely  easy.  She  indeed  claims  to  have  behaved 
better  than  her  companion,  the  Agincourt.  Certainly, 
her  rolling  motion  was  somewhat  slower,  and  she  rolled 
less  deeply ;  when  the  Agincourt  was  rolling  17°  from 
port  to  starboard  the  Devastation  was  only  rolling  14°. 
As  to  pitching,  the  Devastation  may  fairly  claim  to 
have  had  the  advantage,  for,  as  we  have  seen,  although 
the  Agincourt  pitched  rather  less,  her  bow  moved  ver¬ 
tically  through  a  greater  distance,  so  much  so  that 
while  going  head  to  sea  at  7  knots  she  shipped  a  sea 
over  her  high  forecastle,  showing  that  she  could  not  be 
driven  under  the  circumstances  at  a  much  higher  speed 
with  at  least  anything  like  comfort.  The  behaviour  of 
the  vessel  generally  accorded,  with  considerable  approxi¬ 
mation,  with  what  was  to  be  expected  under  the 
circumstances  from  the  theoretical  knowledge  possessed 
on  the  subject,  and  although  on  no  occasion  during  the 
tiials  were  the  waves  quite  so  long  as  was  wished  for, 
the  data  obtained  have  been  most  valuable  in  testing 
and  correcting  the  theory,  so  that  the  behaviour  of  this 
ship,  or  of  any  similar  ship,  in  any  weather,  may  now 
1)0  foretold  with  considerable  accuracy.  The  instru¬ 
ments  measuring  and  recording  the  behaviour  of  the 
vessel  were  most  perfect  in  their  action.  They  were 
personally  attended  throughout  the  trials  by  their 
inventor,  Mr.  Froude.” 

The  Devastation  has  lately  been  cruising  in  the 
Mediterranean.  Admiral  Inglefield  thus  spoke  of  her 
at  a  public  meeting  in  London ; — “  1  have  just  returned 
from  Malta,  and  I  saw  the  Devastation,  having  come 
into  port  from  a  long  cruise.  The  captain  spoke  of  the 
ship  as  being  perfectly  seaworthy,  wholesome,  and  com¬ 
fortable  f(  r  the  men  R,nd  officers,  and  everything  he 
could  wish.” 
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CHAPTEK  IV. 

THE  BEITISH  NAVY.— H.M.S.  THVNDEBEB. 

The  Thunderer  is  a  sister  ship  to  the  Devastation,  and 
was  launched  on  the  12th  of  March,  1872,  nearly  one  year 
after  the  Devastation,  hut  was  only  being  prepared  for 
her  first  commission  at  the  end  of  1876.  The  principal 
dimensions  of  the  two  vessels  are  alike ;  they  differ 
only  in  some  details  of  construction,  in  the  type  of 
propelling  machinery,  and  in  armament. 

The  Thunderer,  like  her  sister  ship,  was  designed  to 
be  thoroughly  sea-going,  and  to  be  capable  of  performing 
every  service  which  can  be  required  from  a  first-class 
modern  line-of-battle  ship. 

At  the  date  of  their  construction  they  were  admitted 
to  be  the  most  powerful  fighting-ships  then  laid  down. 
The  Committee  on  the  Designs  of  Ships  of  the  Eoyal 
Navy  gave  their  judgment  upon  them  in  these  words : 
“  They  represent  in  their  broad  features  the  first-class 
fighting  ships  of  the  immediate  future.” 

The  Thunderer,  in  common  with  all  modern  fighting 
ships,  is  operated  upon  in  every  essential  particular  by 
the  power  of  steam.  The  motive  power  of  the  ship  is 
steam,  and  she  contains  in  all  twenty-eight  steam- 
engines  and  nine  boilers.  Thirteen  of  these  engines 
are  in  pairs,  having  two  cylinders,  and  the  remaining 
fifteen  are  single  engines,  having  one  cylinder  only. 
Two  of  the  pairs  are  employed  for  driving  the  twin 
screws,  and  are  termed  the  propelling  engines.  The 
others  are  small  engines,  employed  for  subsidiary  pur¬ 
poses,  such  as  revolving  the  turrets,  working  the 
hydraulic  gun  -  machinery,  hoisting  shot  and  shell, 
working  the  capstans,  hoisting  anchors  and  boats, 
working  the  steering  apparatus,  working  pumps  for 
circulating  cold  water  through  the  surface  condensers, 
starting  tlie  propelling  engines,  pumping  water  from 
the  spaces  between  the  double  bottoms,  feeding  the 
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boilers,  hoisting  ashes,  and  driving  fans  for  ventilating 
the  ship.  In  addition  to  having  the  great  responsi¬ 
bility  for  all  this  machinery  and  its  efficient  working, 
tlie  engineering  department  of  the  ship  is  cliarged  with 
the  care  of  all  the  water-tight  doors,  and  all  the  valves 
and  pipes  in  the  ship.  In  short,  the  interior  of  the 
ship  is  a  vast  engineering  workshop,  requiring  great 
skill  and  energy  to  manage  it  successfully. 

The  propelling  machinery  of  this  vessel,  as  well  as 
that  of  the  Devastation,  was  contracted  for  previous  to 
the  introduction  of  the  compound  engine  into  the  royal 
navy.  It  was  constructed  by  Messrs.  Humphreys, 
Tennant,  &  Co.,  and  is  of  the  horizontal,  direct-acting 
type  adopted  by  that  firm,  and  fitted  in  several  other 
ships  of  the  navy.  There  is  one  pair  to  each  of  the  two 
screw-propellers ;  the  cylinders  being  77  inches  in 
diameter,  and  the  stroke  3  feet  6  inches.  The  boilers 
are  of  the  old  box  type.  In  consequence  of  the  explo¬ 
sion  of  one  of  the  boilers  in  July  1876,  the  final  official 
trials  at  the  measured  mile  were  somewhat  delayed. 
The  mean  indicated  horse-power  was  6’27U,  and  the 
speed  13'4  knots  per  hour. 

Two  days  after  the  measured-mile  trials  on  the  ,4th 
of  January,  1877,  a  crucial  test  of  the  working  of  the 
machinery  was  made  by  a  six  hours’  continuous  full- 
power  run  up  and  down  the  Solent  in  boisterous 
weather,  the  force  of  the  wind  being  between  seven  and 
nine,  and  the  sea  rough ;  the  following  was  the  mean 
result  of  the  twelve  half-hour  performances  : — 

Pressure  in  boilers  . . .  27’8  pounds. 

Vacuum,  starboard  forward  engine  .  27'3  inches. 

Vacuum,  starboard  after  engine  ..  .  25  79  inches. 

Vacuum,  port  forward  engine  .  27'99  indies. 

Vacuum,  port  after  engine .  25-52  inches. 

Revolutions  per  minute,  starboard  .  75-20 

Revolutions  per  minute,  port .  75-03 

Pressure  in  cylinders  per  square  inch,  star- 

^  board . . .  19-491  pounds. 

\  Pressure  in  cylinders  per  square  inch,  port  19-25  pounds. 

Indicated  horse-power,  5748-97,  or  149 
horse-power  beyond  ,the  contract. 
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The  best  quality  of  Nixon’s  steam-navigation  coal 
was  used  in  these  trials,  and  the  expenditure  was  at 
the  rate  of  3*14  pounds  per  indicated  horse-power  per 
hour. 

The  Thunderer  was  originally  fitted,  like  the  Devas¬ 
tation,  with  two  35-ton,  12-inch  Woolwich  rifled  guns 
in  each  of  the  two  turrets,  mounted  on  carriages  similar 
to  those  of  the  Glaiton,  and  known  as  Captain  Scott’s 
design  ;  but  after  Messrs.  Armstrong  had  brought  out 
their  system  for  working  heavy  guns  by  hydraulic  power, 
it  was  decided  to  introduce  it  for  the  first  time  into  the 
forward  turret  of  this  vessel.  Accordingly  the  two  35-ton 
guns  were  removed,  and  guns  38  tons  in  weight,  having 
a  bore  of  12J  inches,  were  substituted.  The  same  car¬ 
riages  were  retained.  When  this  was  written,  all  the 
machinery  for  working  these  guns  had  been  fitted 
on  board  and  subjected  to  the  first  tests ;  but  as 
deficiencies  usually  experienced  in  new  and  untried 
machinery  were  expected  to  be  developed,  no  reports 
were  permitted  to  be  made.  Yet  it  was  confidently 
stated, 'upon  reliable  authority,  that  the  result  of  this  first 
trial  on  board  ship  T\'as  satisfactory ;  a  proof  of  w'hich 
may  be  found  in  the  fact  that  the  system  has  been 
adopted  and  ordered  for  the  Dreadnought,  Inflexible, 
and  other  vessels.  All  British  service  gun-carriages 
are  at  present  mounted  on  their  slides  in  such  a  manner 
as  to  recoil  on  a  dead  bearing  ;  but  to  run  out  on  wheels 
thrown  into  action  by  eccentrics.  By  placing  the 
carriage  permanently  on  wheels,  and  trusting  more 
to  the  compressor  to  arrest  recoil,  the  operation  of 
“  tripping  ”  the  carriage,  i.e.  of  throwing  the  wheels 
into  action  for  running  out,  is  avoided.  In  1867  and 
1868  a  partial  muzzle-pivoting  carriage  was  made  at 
the  Elswick  works  for  an  18-ton  gun,  on  the  plan  of 
raising  and  lowering  the  trunnion-bearings  of  the  gun 
in  vertical  grooves  formed  in  the  carriage.  Captain 
Scott  modified  the  arrangement  by  the  substitution  of 
hydraulic  jacks,  in  combination  with  chocks  for  the 
screw-lifting  gear,  and  by  the  application  of  the  jacks 
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to  act  from  fixed  positions  in  the  slide  or  turret-floor  on 
a  bow-piece  carrying  the  trunnions.  In  this  form  the 
system  has  been  applied  for  working  heavy  turret-guns 
in  the  British  navy.  It  makes  the  carriage,  however, 
high  and  top-heavy,  a  disadvantage  for  naval  service 
which  would  become  more  serious  with  every  increase 
in  the  weight  of  guns.  The  object  of  muzzle-pivoting 
is  the  reduction  of  the  size  of  the  ports.  The  size,  of 
ordnance,  however,  continues  to  increase  with  rapid 
strides,  while  the  number  of  men  employed  to  work 
the  guns  cannot  be  much  further  added  to ;  and  the 
train  of  mechanism  required  to  apply  the  constant 
and  limited  power  of  men  to  the  forci^s  to  be  exerted 
in  loading  and  working  heavy  guns  becomes  larger  and 
more  complicated  as  the  weight  of  the  guns  is  increased. 
Hence,  the  adoption  of  some  inanimate  power  in  the 
place  of  mere  hand-labour  for  loading  and  working 
heavy  ordnance  has  become  an  absolute  necessity  for 
existing  guns,  and  for  those  of  the  immediate  future. 
Adopting  the  steam-engine  as  the  most  ready  and  con¬ 
venient  source  of  power,  it  has  been  found  that  that 
power  can  be  best  applied  through  the  medium  of  water 
pressure.  The  simplicity  and  compactness  of  hydraulic 
machinery,  and  the  perfect  control  it  gives  over  the 
motion  of  heavy  weights,  especially  adapt  it  for  the 
purpose.  Power  sufficient  for  the  heaviest  guns  may 
be  transmitted  by  water  through  a  very  small  pipe  for 
long  distances  and  by  intricate  ways,  so  that  a  steam 
pumping  engine  may  supply  power  by  this  means  for 
working  many  guns. 

In  the  fore  turret  of  the  Thunderer,  the  arrange¬ 
ments  differ  from  those  of  the  Inflexible ;  the  carriage 
being  placed  upon  rollers.  In  this  carriage  the  gun  is 
made  partially  muzzle-pivoting  by  hinging  the  slide  at 
the  rear  horizontally,  and  raising  and  lowering  the  front 
end  upon  a  press  to  three  or  more  positions,  in  which  it 
can  be  chocked  by  turning  under  it  the  bracketed 
supports. 

The  cylinder  performs  the  double  office  of  checking 
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recoil  and  moving  the  gun  in  or  out  along  the  slide. 
The  gun  or  recoil  drives  back  the  piston  and  is  arrested 
by  the  resistance  which  a  valve  offers  to  the  escape 
from  the  cylinder.  This  valve  is  loaded  with  a  spring, 
which  may  be  adjusted  to  give  any  required  resistance, 
and  so  meet  the  variations  of  the  force  of  recoil.  It 
is  also  partly  balanced  to  lessen  the  load  required  upon 
it.  The  area  of  the  piston-rod  is  one-half  that  of  the 
piston,  and  the  gun  is  run  out  by  admitting  the  water- 
pressure  to  both  sides  at  once.  For  running  the  gun 
in,  the  pressure  is  admitted  to  the  front  of  the  piston 
only,  the  exhaust  being  at  the  same  time  opened  to  the 
rear.  Clack-valves,  in  connection  vihth  a  waste-water 
tank  are  used  to  insure  the  cylinder  being  always  full, 
and  there  is  a  relief-valve  on  the  front  for  preventing 
any  excessive  strain.  On  the  rear  the  recoil  valve  acts 
as  a  relief-valve  when  required.  It  will  happen  in  some 
cases  that  the  pressure  required  on  the  valve  to  arrest 
recoil  falls  short  of  that  necessary  for  running  the  gun 
in  or  out,  in  which  case  the  water  admitted  to  the 
cylinder  for  the  purpose  would  lift  the  valve  and 
escape  to  waste.  This  is  provided  for  by  making  the 
act  of  opening  the  cylinder  inlet-valve  place  an 
additional  load  on  the  recoil  valve,  retaining  it  there  so 
long  as  the  inlet-valve  remains  open.  An  extra  load 
can  be  placed  on  the  recoil  valve  by  a  small  inverted 
press,  having  in  its  normal  condition  an  open  com¬ 
munication  with  the  waste-w  ater  tank,  which  communi¬ 
cation  is  closed  and  the  press  charged  with  water  under 
pressure  by  the  first  movement  of  the  lever  employed 
to  open  the  inlet- valve  A  of  the  recoil-cylinder.  It  was 
stated  that  the  recoil  could  be  regulated  with  precision, 
and  that  excellent  control  could  be  exercised  over  the 
movement  of  the  gun  on  its  slide.  By  the  arrange¬ 
ments  described  the  following  advantages  are  claimed  : 
The  loading  operation  is  transferred  from  a  confined 
space  in  the  port  of  the  turret  to  a  roomy  and  con¬ 
venient  place  on  the  main  deck.  The  dimensions  of 
the  turret  can  be  reduced ;  one  man  in  the  turret,  and 
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one  outside  may  direct  and  control  all  the  movements 
of  a  pair  of  the  heaviest  guns,  and  may  load  and  fire 
them  without  other  help  than  that  involved  in  bringing 
up  the  ammunition  ;  and,  finally,  far  greater  rapidity  of 
fire  is  attainable  than  would  be  possible  by  manual 
labour. 

An  objection  raised  to  this  system  is  the  alleged 
liability  to  premature  explosions  in  loading,  and  as  a 
consequence,  to  the  risk  of  self-destruction,  to  which 
it  is  said  the  ship  is  exposed.  This  objection  is,  how¬ 
ever,  it  is  said,  obviated  by  not  depressing  the  gun  for 
loading  to  such  an  extent  as  to  aim  a  shot  below 
the  water-line,  and  further  by  a  special  arrangement 
for  drenching  the  bore  of  the  gun  with  water  in 
sponging ;  and  it  is  entirely  removed  by  the  arrange¬ 
ment  that  will  be  fitted  in  the  Inflexible,  in  which 
the  loading-gear  is  placed  so  that  the  gun  is  little 
depressed  when  in  the  loading  position. 


CHAPTEB  V. 

THE  BRITISH  NAVY.— H.M.S.  DREADNOUGHT. 

This  ship,  built  at  Pembroke  Dockyard,  South  Wales, 
is  spoken  of  as  a  modified  and  improved  Devastation 
on  a  larger  scale ;  but  the  modifications,  resulting  from 
the  experience  of  the  trials  of  the  former  vessel, 
are  such  as  to  change  the  type.  The  Dreadnought 
cannot  be  called  a  low  free-board  ship,  or  a  breastwork 
monitor ;  for  the  height  from  the  load  water-line  to  the 
turret-deck  is  nearly  12  feet,  and  the  superstructure  is 
more  properly  an  armoured  oval  citadel  or  tower,  of 
which  the  sides  are  those  of  the  vessel  carried  up  to  the 
breastwork  deck.  In  other  words,  instead  of  building 
a  breastwork  on  the  deck  of  the  armoured  hull  some 
185  feet  long  amidships,  with  a  passage  of,  say,  10  feet 
between  it  and  the  sides  of  the  vessel,  as  was  done  in 
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the  Thunderer  and  other  low  free-board  ships,  the  sides 
of  the  Dreadnought  are  built  up  flush  to  the  top  of  the 
upper  or  turret  deck.  This  armoured  side  rises  nearly 
12  feet  above  water,  and  is  184  feet  in  length  amidships. 
The  design,  as  will  be  seen,  thus  requires  considerably 
more  armour  than  would  be  used  if  the  vessel  had  been 
built  on  the  breastwork  system,  but  the  advantages 
derived  from  having  the  whole  width  of  the  vessel 
below  the  upper  deck  unobstructed,  which  affords  light 
and  facilities  for  loading  the  guns  on  the  hydraulic 
system  and  working  the  turrets,  are  of  importance^ 
besides  which,  the  increased  room  admits  of  comfortable 
quarters  for  officers  and  crew  above  water. 

The  citadel,  as  before  stated,  is  184  feet  in  length,  and 
the  height  between  decks  is  7  feet  6  inches.  It  is 
armoured  with  solid  plates,  11  inches  thick  ;  except  at 
the  ends  and  abreast  the  bases  of  the  turrets,  where 
the  thickness  is  increased  to  13  and  14  inches.  The 
increased  thickness  at  the  ends  is  for  the  purpose  of 
protecting  more  thoroughly  the  bases  of  the  turrets, 
the  machinery  for  working  them,  and  for  loading  the 
guns;  in  short,  all  the  working  apparatus  enclosed 
by  it.  The  armour-belt,  which  is  carried  entirely 
round  the  vessel,  is  14  inches  thick  at  the  water-line, 
tapering  to  8  inches  at  the  lower  edge  of  belt.  It 
also  tapers  above  water,  before  and  abaft  the  citadel, 
as  well  as  towards  the  ends.  This  armour-belt,  before 
and  abaft  the  fighting  part  of  the  ship,  rises  only 
4  feet  above  water,  and  is  intended  solely  to  protect 
the  vital  portion  of  the  hull;  all  parts  above  it  are 
destructible,  and  may  be  riddled  with  shot  without 
detriment  to  the  fighting  or  sea-going  qualities  of  the 
vessel.  The  turret-deck,  or  the  deck  over  the  citadel, 
is  plated  with  two  thicknesses  of  1^  and  1-inch  iron 
respectively,  and  the  main  berth-deck  below  is  also 
plated  with  tlie  same  thickness  before  and  abaft  the 
citadel ;  of  course,  no  armour  on  this  deck  is  needed 
inside  of  the  citadel. 

The  turrets  rrse  through  the  citadel-deck  to  a  height 
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of  12  feet  from  the  base  or  revolving  deck-platform 
enclosed  by  the  citadel.  The  diameter  of  each  turret 
inside  of  the  framing  is  27  feet  4  inches,  the  depth 
of  the  framing  being  10  inches.  They  are  built  up 
with  two  thicknesses  of  plates  and  two  thicknesses 
of  teak,  in  the  following  manner:  first,  the  shell 
or  skin  plating  consists  of  two  f-inch  plates,  riveted 
together  and  to  the  framing ;  on  the  exterior  of  this 
plating  is  -a  teak  backing  6  inches  thick ;  outside 
this,  armour-plates  7  inches  thick ;  next,  teak  backing 
9  inches  thick ;  and  finally,  armour-plates,  outside  of 
all,  7  inches  thick  :  the  whole  being  securely  bolted 
together.  The  plates  were  rolled  at  Sheffield,  and 
curved  to  templates  drilled  and  prepared  in  place.  The 
following  are  the  dimensions  of  the  plates  for  one 
turret :  — 

Inside  TMekness. 

No.  1,  15  feet  2^  inches  by  8  feet  3|  inches. 

No.  2,  15  feet  2  inches  by  8  feet  Sj  inches. 

No.  3,  14  feet  8J  inches  by  8  feet  3|  inches. 

No.  4,  15  feet  2t  inches  by  8  feet  3J  inches. 

No.  5,  19  feet  6|  inches  by  8  feet  3^  inches. 

No.  6,  13  feet  J  inch  by  8  feet  3|  inches. 

Outside  Course. 

No.  1, 16  feet  10|  inches  by  8  feet  2i  inches. 

No.  2,  18  feet  3|  inches  by  8  feet  2J  inches. 

No.  3,  13  feet  J  inch  by  8  feet  2|  inches. 

No.  4,  14  feet  8|  inches  by  8  feet  2^  inches. 

No.  5,  21  feet  8|  inches  by  8  feet  2^  inches. 

No.  6,  16  feet  7|  inches  by  8  feet  2^  inches. 

The  displacement  of  the  Dreadnought  when  loaded 
will  be  1U,950  tons,  or  1,650  more  than  that  of  the 
Devastation  and  Thunderer.  The  length  between  per¬ 
pendiculars  is  320  feet ;  breadth,  extreme,  63  feet  10 
inches  ;  mean  draught  of  w^ater,  loaded,  27  feet.  The 
bull  is  constructed  with  the  usual  double  bottom,  and 
contains  sixty-one  water-tight  compartments.  The 
ordinary  system  of  divisions  and  water-tight  doors  is 
adhered  to ;  including  t]ie  longitudinal  bulkhead,  which 
commences  about  40  feet  from  the  stem,  and  extends  to 
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nearly  the  same  distance  from  the  stern,  thus  dividing 
the  vessel  in  the  centre. 

The  flying  deck  and  conning  tower  are  similar  to 
those  in  the  Thunderer;  and  there  is  also  but  one  mast 
to  be  used  for  signal  purposes  and  hoisting  boats.  The 
bottom  of  the  vessel  is  not  sheathed. 

The  armament  will  consist  of  two  38-ton  Woolwich 
guns  in  each  of  the  two  turrets,  all  of  them  to  be 
worked  upon  Messrs.  Armstrong’s  hydraulic  system. 

The  Dreadnought  has  been  engined  by  Messrs. 
Humphreys  &  Tennant.  The  engines  are  of  the 
compound  type,  very  similar  to  those  in  the  Alexandra, 
constructed  by  the  same  firm,  which  are  described 
further  on. 

There  is  an  independent  set  of  vertical  inverted 
engines  to  each  of  the  twin  screws.  Each  set  consists 
of  three  cylinders,  the  high-pressure  exhausting  into 
the  two  low-pressure  cylinders.  The  diameter  of  the 
former  is  66  inches  ;  the  diameter  of  each  of  the  latter 
90  inches,  and  the  stroke  of  pistons  4  feet  6  inches. 
All  the  cylinders  are  steam-jacketed.  The  high- 
pressure  jacket  is  adjusted  to  the  working  boiler-pres¬ 
sure  of  60  pounds,  and  the  low  pressure  to  30  pounds. 
The  air-pumps  are  of  gun-metal,  and  are  placed  fore 
and  aft,  immediately  under  the  low-pressure  cylinders, 
from  which  they  are  worked.  Tiie  arrangement  is 
compact  and  accessible;  the  condensers  forming  the 
midship  framing,  while  the  wing  framing  consists  of 
two  wrought-iron  columns  to  each  cylinder. 

Tlie  surface-condensers  are  of  the  usual  variety 
employed  in  the  British  service.  They  contain  upwards 
of  1 6,500  square  feet  of  cooling  surface,  and  are  fitted 
to  be  worked  as  common  jet-condensers  in  case  of 
necessity.  The  condensing  water  is  supplied  by  two 
powerful  centrifugal  pumps,  and  an  extra  bilge-suction 
is  provided ;  so  that  the  air-pumps  can  receive  directly 
from  the  bilge  in  case  of  an  accident  by  which  large 
quantities  of  water  would  enter  the  ship. 

The  engine  crank-shaft  is  composed  of  three  pieces, 
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interchangeable;  each  piece  bas  a  length  of  10  feet 
7|  inches,  and  a  diameter  of  17|-  inches.  The  diameter 
of  the  propelling-shafts  is  16  inches,  except  the  lengths 
in  the  stern-tubes,  which  are  18  inches. 

The  engines  are  started  and  reversed  by  an  auxiliary 
engine  having  cylinders  6  inches  by  8.  The  ship  is 
provided  with  six  ventilating-engines,  two  auxiliary 
tire-engines,  four  main  fire-engine  pumps,  steering- 
engines,  turret-turning  engines,  capstan  and  ash-hoist 
engines,  besides  the  engine  and  hydraulic  apparatus  for 
working  tlie  guns ;  in  all,  there  are  twenty-nine  steam- 
engines  on  board,  and  there  are  one  hundred  and  eighty 
valves  connected  with  the  ventilating-pipes. 

The  screw-propellers  are  of  Griffith’s  recent  pattern, 
the  diameter  of  each  being  20  feet,  with  pitches  adjust¬ 
able  from  21  to  26  feet. 

Tlie  steam  for  the  propelling  and  other  engines  is 
supplied  by  twelve  main  boilers  and  one  auxiliary 
boiler.  Instead  of  being  arranged  in  the  vessel  face  to 
face,  as  in  former  ships,  so  that  the  firemen  have 
fires  behind  as  well  as  in  front  of  them,  they  are 
placed  back  to  back  against  the  middle-line  bulkhead 
of  the  ship ;  and  the  firing  is  done  at  the  sides,  con¬ 
venient  to  the  coal-bunkers.  The  boiler-rooms  are 
further  divided  by  athwart-ship  bulkheads,  whereby 
four  rooms  are  formed,  the  forward  ones  being  42  feet, 
and  the  after  ones  40  feet,  in  length.  The  length 
of  the  engine  room,  abaft  of  this,  is  also  40  feet. 

The  main  boilers  are  elliptical  in  shape,  12  feet 
2  iiudies  by  11  feet  10  inches;  and  14  feet  in  length, 
with  three  furnaces  in  each  boiler;  the  shells  ancl 
tube-plates  are  |  inch  thick,  and  the  furnace  and  back- 
plates  ^  inch.  The  shells  are  double-riveted,  and 
butt-straps  are  placed  inside  and  outside  the  longitu¬ 
dinal  seams;  the  tubes  are  of  brass,  and  3  inches  in 
diameter ;  each  furnace  is  6  feet  10  inches  long,  and  is 
fitted  with  66  wrought-iron  grate-bars,  3^  inches  deep 
by  1;^  inch  broad,  and  2  feet  3  inches  long. 

In  addition  to  the  *  ordinary  safety-valve  chamber. 
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containing  a  couple  of  spring  safety-valves,  eacli  boiler 
is  fitted  with  a  supplementary  test-valve  placed  on  the 
front  of  the  boiler.  The  stop-valves  and  safety-valves 
can  be  worked  from  the  fire-room  floors. 

The  total  heating  surface,  including  that  of  the 
auxiliary  boiler,  is  22025’5  square  feet. 

The  engines  and  boilers  are  entirely  surrounded 
by  the  coal-bunkers;  the  bunker  immediately  before 
the  boilers  is  22  feet  in  length,  fore  and  aft,  and  the 
one  immediately  abaft  the  engines  is  8  feet  in  length  ; 
there  are  consequently  152  feet  in  the  length  of  the 
ship  at  the  extreme  breadth  occupied  by  the  propelling 
machinery  and  coal.  The  bunkers  contain  1.200  tons 
of  coal. 

The  ventilation  of  the  stoke-holes  is  supplied  by 
fans,  supplemented  by  eight  cowls  on  the  hurricane- 
deck  and  four  others  at  the  side,  which  are  also  utilized 
as  ash-hoists. 

As  the  ship  is  mastless,  steam-power  only  is  to  be 
used. 

The  total  weight  of  the  steam-machinery  is  given  as 
1,430  tons;  hull  and  accessories,  7,350  tons;  and  all 
other  weights,  including  coal  and  stores,  2,170  tons. 

The  improvements  of  the  Dreadnought  upon  the 
other  two  mastless  sea-going  ships,  the  Devastation  and 
Thunderer,  or  the  difi'erence  between  them,  may  be 
summed  up  briefly  as  follows :  The  displacement  is 
1.650  tons  more ;  the  length  between  perpendiculars  is 
35  feet  greater;  the  breadth  is  increased  by  1  foot 
7  inches,  and  the  depth  of  hold  by  1  loot  2  inches. 

The  structural  improvements  consist  in  carrying  the 
breastwork  out  to  the  sides  of  the  vessel,  and  in  bring¬ 
ing  the  forecastle  and  after-deck  up  to  near  the  level 
of  the  breastwork,  or,  rather,  the  armoured  citadel.  By 
this  arrangement  the  facilities  tor  working  the  guns 
and  ship  have  been  greatly  increased,  and  better  accom¬ 
modation  provided  ;  besides  which  the  objectionable 
cul  de  sae  that  exists  in  the  other  two  ships  has  been 
removed,  and  a  high  free-board  all  round  obtained, 

E  2 


52 


THE  WAK-SHIPS  OF  EUKOPE, 


which  will  make  her  both  a  drier  ship  and  a  more 
comfortable  cruiser  than  either  of  the  others. 

Another  important  structural  arrangement  first  in¬ 
troduced  here,  and  since  adopted  in  other  ships,  is  the 
longitudinal  water-tight  bulkhead  between  the  respec¬ 
tive  sets  of  engines  and  boilers ;  so  that  in  the  event  of 
one  set  being  disabled  by  rams,  torpedoes,  or  other 
causes,  it  can  be  effectually  shut  off,  and  the  ship 
propelled  by  the  other  set. 

The  side  armour  of  the  Dreadnought  varies  in  thick¬ 
ness  from  8  to  14  inches;  while  in  the  other  two  ships 
it  varies  from  10  to  12  inches ;  and  it  extends  7^ 
inches  deeper  under  water  in  the  former  vessel.  The 
external  diameter  of  the  Dreadnought's  turrets  is  32  feet 
3  inches,  and  the  thickness  of  its  armour  is  uniformly 
14  inches,  while  the  other  turrets  are  31  feet  3  inches 
in  diameter,  and  the  thickness  ranges  from  12  to 
14  inches. 

The  armament  is  also  more  formidable.  It  consists 
of  four  38-ton  guns,  all  worked  on  the  hydraulic 
system,  while  the  Devastation  carries  four  35-ton  guns 
worked  by  hand-power,  and  the  Thunderer  two  38-ton 
guns  worked  by  hydraulic  power,  and  two  35-ton  guns 
worked  by  hand. 

Again,  the  Dreadnought  is  engined  on  the  compound 
system,  by  which  means  greatly  increased  power  is 
obtained  with  reduced  consumption  of  fuel. 

The  six-hours’  trial  of  the  propelling  machinery  was 
made  in  January  1877.  The  Times  reports  the  results 
as  follows : — 


Hour. 

Vacuum. 

Revolutions. 

Horse-power. 

1 

27 

and  27‘43  ins. 

67’3  and  67'4 

8201-52 

2 

27 

and  27T8  ins. 

67-6  and  67-4 

8233-78 

3 

27 

and  27’25  ins. 

()7‘4  and  67'3 

8179-94 

4 

27 

and  27 ’37  ins. 

66-9  and  67-0 

8177-77 

5 

27-5 

and  27'43  ins. 

67-1  and  66-9 

8155-93 

6 

27 

and  27'37  ins. 

66-0  and  66-8 

8207-39 

“  The  mean  power  (developed  by  the  engines  during 
the  six  hours  was  821G'28,  or  216’28  horse-power 
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beyond  the  contract.  .  ,  .  The  blasts  were  not  used 
from  first  to  last.  .  .  .  The  mean  boiler-pressure 
was  60‘3  pounds.  The  mean  pressure  of  steam  on  the 
pistons  was,  high,  31‘6  pounds;  low,  9  pounds.  .  .  . 
The  coal  consumed  on  the  trifil  amounted  to  50  tons 
122  pounds,  being  equal  to  2'27  pounds  per  indicated 
horse-power  per  hour.  The  consumption  on  the  six- 
hours’  trial  of  the  Thunderer  was  3T4  pounds.  In 
order  to  show  the  superiority  of  the  Dreadnought’s 
compound  engines  from  an  economic  point  of  view,  it 
may  be  mentioned  that  had  she  been  fitted  with 
engines  of  the  common  type,  like  those  of  the  Thun¬ 
derer,  she  would  have  to  burn  80  tons  a  day  more 
fuel  to  develop  the  same  power  as  on  the  day  of  trial.” 

The  engines  were  stopped  from  full  speed  in  18 
seconds,  and  from  going  astern  were  started  full  speed 
ahead  in  15  seconds. 

The  speed  of  the  ship  is  not  given,  but  the  pitch  of 
the  screw-propellers  was  23^  feet,  and  the  speed  real¬ 
ised  was,  we  believe,  over  14  knots  per  hour. 

The  Dreadnought  is  now  the  most  formidable  fighting 
ship  on  the  ocean,  and  next  after  the  Inflexible  will  be 
the  most  powerful  ship  of  war  ever  fioated  in  British 
waters. 



CHAPTEK  VI. 

THE  BEITISH  NAVY.— H.M.SS.  AVBAGIOVS  AND 
ALEXANDRA. 

France  is  credited  with  having  produced  the  first  ship 
clad  in  armour.  The  Gloire  *  was  commenced  in  1858  ; 

*  Tlie  first  account  we  have  of  an  armoured  ship  is  in  1530.  The 
largest  ship  then  known,  one  of  the  fieet  of  the  Knights  of  Saint 
John,  was  sheathed  entirely  with  lead,  and  is  said  to  have  successfully 
resisted  all  the  shot  of  that  day. 

At  the  siege  of  Gibraltar,  in  1,782,  the  French  and  Spaniards 
employed  floating  batteries,  which  were  protected  by  covering  the 
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and  two  otliers  of  the  same  type  immediately  followed, 
all  wooden  ships  plated  with  iron.  The  first  great 
English  armoured  ship,  the  Warrior,  was  begun  in 
1859,  and  was  followed  by  the  Black  Prince.  These 
ships  were  ordinary  single-screw  war-steamers,  with 
iron  hulls  380  feet  long,  partially  protected  by  plates 
inches  thick.  After  the  Black  Prince  followed 
the  Minotaur  and  Northumberland,  each  400  feet  in 
length ;  but  it  was  soon  found  that  these  long  ships 
were  not  well  adapted  for  manoeuvring  in  line  of 
battle,  and  hence  the  later  armoured  ships  were  made 
gradually  broader  in  the  beam  and  shorter  in  length. 

At  the  same  time  various  improvements  were  intro¬ 
duced,  one  of  which  was  the  change  of  the  old  oblique 
projecting  bow  into  the  reverse-curved  swan-breasted 
shape,  which  is  substantially  the  same  as  that  of  the 
present  running-down  bow  or  ram.  The  armour  was 
no  longer  restricted  to  the  midship  parts  of  the  vessels; 
it  was  extended  forward  and  aft,  until  they  were  com¬ 
pletely  covered  above  water,  and  tor  some  distance 
below  it.  The  weight  of  the  guns  steadily  increased, 
and  with  it  the  thickness  of  armour.  Leaving  out  of 
account  the  converted  ships,  we  come  to  the  Bellero- 
phon,  put  afloat  in  1865.  This  ship  was  Mr.  Eeed’s 
first  iron  frigate.  She  was  considered  to  be  much  in 


sides  with  junk,  raw  hide,  and  timber,  to  the  thickness  of  seven  feet, 
and  bomb-proofing  the  decks. 

Iron  armour  was  suggested  in  the  United  States  in  1812.  In  March, 
1814,  a  bomb-proof  vessel  was  patented  by  Thomas  Gregg,  of  Penn¬ 
sylvania. 

In  1842  E.  L.  Stevens,  of  New  York,  commenced  the  construction  of 
an  iron-armoured  ship  of  war. 

The  first  practical  use  of  wrougiit-iron  plates  as  a  defence  for  the 
sides  of  vessels  was  made  by  the  French  during  the  Crimean  war. 
Tile  vessels  used  were  of  light  draught,  exposing  little  surface  above 
water,  and  were  termed  floating  batteries.  They  rendered  very 
efficient  service,  especially  at  the  bombardment  of  Kinburn,  in  1855, 
and  their  success  doubtless  led  to  the  adoption,  by  the  French  govern¬ 
ment,  of  armour-plating  in  shjps  of  war. 

The  English  built  armoured  boats  at  about  the  same  time,  which 
were  also  used  in  the  Crimean  war. 
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advance  of  what  had  gone  before,  bnt  still  the  central 
battery  delivered  no  end-on  fire.  That  was  sought  to 
be  obtained  by  the  contrivance  of  a  how-battery  on  the 
main  deck.  Thus,  although  the  Bellerophon  was  carry¬ 
ing  ten  12-ton  guns,  the  bow  fire  was  entrusted  to  two 
6^-ton  guns.  The  next  first-class  ship,  the  Hercules, 
gained  an  improved  fire  from  the  central  battery,  which 
consisted  of  18-ton  guns,  by  the  expedient  of  recesses 
in  the  ship’s  sides  before  and  abaft  the  battery ;  and 
advantage  was  taken  of  the  recesses  to  make  four  ports 
in  the  ends,  or  rather  corners,  of  the  battery,  from 
which  four  of  the  guns  were  able  to  fire  within  a  few 
degrees  of  the  line  of  keel.  If  required  to  fight  upon 
the  broadside,  these  guns,  which  were  mounted  on  turn¬ 
tables,  were  revolved  to  other  ports.  The  armament  of 
this  ship,  when  put  on  board  in  1870,  was  considered 
very  powerful.  It  consisted  of  fourteen  Woolwich 
rifled  guns,  of  which  eight  were  of  10-inches,  two  of 
9-inches,  and  four  of  7-inches  calibre.  Her  water-line 
is  defended  by  a  belt  of  9-inch  armour,  which  was 
believed  at  the  time  it  was  put  on  to  be  impenetrable 
at  the  thickest  part  by  any  of  the  guns  afloat  in 
European  waters.  This  defensive  strength  is,  how¬ 
ever,  confined  to  the  belt.  The  battery  from  which 
the  largest  guns  are  worked  is  only  protected  by 
6  inches  of  armour,  and  experiment  has  shown  that 
armour  of  that  thickness  with  the  ordinary  back¬ 
ing  can  be  penetrated  at  a  distance  of  1,000  yards 
and  at  an  angle  of  inclination  of  30°  by  the  9-inch 
rifled  gun,  and  at  close  quarters  by  the  7-inch  rifled 
gun,  such  as  is  carried  by  many  armoured  ships.*  But 

*  The  Hercules  is  much  more  efficiently  protected  than  the  text  above 
i  idicates.  In  evidence  of  this  we  inay  quote  the  following  passage 
from  ‘  Our  Iron-clad  Ships,^  written  in  18G9  by  Mr.  Reed,  the  designer 
of  the  Hercules ; — “  The  thickness  of  armour  carried  has,  however,  for 
the  present,  reached  its  maximum  for  sea-going  broadside  ships  in  the 
Hercules,  which  has  9-inch  armour  at  the  water-line,  8-inch  on  tlie 
most  important  parts  of  the  broadside,  and  6-inoli  on  the  remainder. 
Out'ide  the  1^-inch  skin-plating  of  this  ve.«8el,  teak  backing  12  and 
10  inches  thick  is  fitted,  together  with  longitudinal  girders  of  the  usual 
character.  This  does  not,  however,  constitute  the  whole  of  her  pro- 
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the  Hercules  has  other  excellencies  ;  she  is,  for  an 
armoured  ship,  a  fair  sailer,  though  represented  to  be 
awkward  in  tacking  or  wearing.  She  had  a  speed 
under  steam  on  ttie  measured  mile  of  nearly  14| 
knots.  She  is  said  to  be  a  very  steady  ship,  and  can, 
therefore,  use  her  offensive  powers  under  conditions  of 
sea  in  which  a  less  steady  ship  would  be  almost  Ivors  de 
combat. 

In  the  Sultan,  built  subsequently,  of  the  same  general 
dimensions  and  much  resembling  the  Hercules,  a  step 
in  advance  was  made  by  adding  an  upper-deck  battery. 
This  ship  carries  eight  18-ton  guns  on  the  lower  gun- 
deck,  two  of  Jess  weight  in  the  upper-deck  battery, 
and  two  on  the  same  deck  forward ;  but  they  do  not 
command  an  all-round  fire.  In  most  essential  points 
the  ships  are  the  same,  though  the  Sultan  is  reported 
to  have  had  the  defect  of  excessive  top  weight,  to 
counterbalance  which  extra  ballast  has  been  put  into 
her.  Both  vessels  are  built  with  bows  having  project¬ 
ing  rams,  and  they  are  counted  among  the  most  for¬ 
midable  sea-going  fighting  ships. 


tection,  for  from  below  the  lower  deck  down  to  the  lower  edge  of  the 
armour  the  spaces  known  as  the  ‘  wing  passages  ’  are  filled  in  solid 
with  additional  teak  backing,  and  inside  this  there  is  an  iron  skin 
5  inch  thick,  supported  by  a  set  of  vertical  frames  7  inches  deep.  Tno 
total  protection,  therefore,  of  the  most  vital  part  of  the  ship  in  the 
region  of  the  water-line  consists  of  ihe  following  thicknesses  of  iron 
and  wood  : — Outside  armour  9  inches ;  then  10-inch  teak  backing  with 
longitudinal  girders  at  intervals  of  about  2  feet,  worked  ujion 
r.^-iuch  skin-plating,  supported  by  10-inch  vertical  frames  spaced 
2  feet  apart ;  the  spaces  between  these  frames  are  filled  in  solid  with 
teak,  and  inside  tire  frames  there  is  a  further  thickness  of  about 
19  or  20  inches  of  teak,  the  whole  being  bounded  on  the  inside  by 
i^-iuch  iron  plating,  stiffened  with  7-inch  frames.  The  total  thickness 
of  iron  (neglecting  the  girders  and  frames)  is  then  llj  inches,  and 
of  this,  9  inches  are  in  one  thickness ;  the  teak  backing  has  a  total 
thickness  of  about  40  inches.  The  trial  at  Shoeburyness  of  a  target 
constructed  to  represent  this  pait  of  the  ship’s  side  proved  that  it  was 
virtually  impenetrable  to  the  600-pounder  gun ;  and  perhaps  no  better- 
idea  of  the  increase  of  the  resisting  power  of  the  sides  of  our  iron-clads 
can  be  obtained  than  that  derived  from  a  comparison  of  the  68-pounder 
gun  which  the  Warriors  sid^  was  capable  of  resisting  with  the 
600-pounder  tried  against  the  Hercules'  target.”  (Ed.) 
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The  loss  of  the  Vanguard,  by  sinking,  olf  the  coast 
of  Ireland,  in  September  1875,  from  the  effects  of  an 
accidental  blow  of  the  ram  of  a  sister  vessel — the  Iron 
Duke — drew  public  attention  for  a  time  to  the  com¬ 
paratively  easy  manner  in  which  one  of  these  powerful 
and  costly  ships  might  be  disposed  of,  as  well  as  to  this 
particular  class  of  vessel. 

The  class  consisted  of  six  broadside  vessels  of  similar 
design,  viz.  the  Audacious,  Iron  Duke,  Vanguard,  In¬ 
vincible,  Triumph,  and  Swiftsure.  The  loss  of  the 
Vanguard  leaves  five.  They  were  all  built  for  sea¬ 
going  purposes,  but  the  Triumph  and  Swiftsure  were 
sheathed  in  wood  and  coppered.  A  brief  outline 
of  their  history  may  serve  to  show  how  designs  for 
ships  of  war  have  sometimes  been  decided  upon  by 
the  Admiralty. 

In  the  year  1867,  in  the  midst  of  the  controversy 
between  the  advocates  of  the  broadside  and  turret 
systems,  the  Board  of  Admiralty  determined  to  invite 
the  principal  private  ship-builders  of  the  kingdom  to 
compete  in  designing  either  a  turret  or  a  broadside 
ship,  at  their  option.  Certain  conditions  were  imposed 
in  either  case :  the  displacement  was  fixed,  the  draught 
of  water  was  to  be  22^  feet,  and  the  speed  13^  knots. 
The  armour-plating  was  to  be  at  least  8  inches 
in  thickness  at  the  water-line,  and  6  inches  in  other 
parts,  except  at  the  bow  and  stern  ;  and  it  was  essential 
that  an  all-round  fire  should  be  obtained,  or  at  least 
that  some  one  gun  behind  armour-plates  should  com¬ 
mand  every  point  of  the  horizon. 

A  prize  was  to  be  awarded  to  the  successful  competi¬ 
tor.  Seven  ship-building  firms  responded  to  the 
invitation,  and  sent  in  designs  of  various  degrees  of 
merit.  The  liondou  Engineering  Company  proposed 
to  build  a  broadside  ship  of  3,800  tons ;  the  Millwall 
Company,  a  compound  of  broadside  and  turret  of  nearly 
the  same  tonnage ;  Messrs.  Palmer  &  Co.,  a  broadside 
ship  with  a  movable  upper-deck  battery ;  and  the 
Thames  Company,  a  broadside  ship  ;  while  the  firms  of 
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Messrs.  Napier  &  Son,  Messrs.  Samuda,  and  Messrs. 
Laird  each  designed  a  turret-ship,  fulfilling  the  pro¬ 
posed  conditions. 

To  the  surprise  of  the  competitors  all  the  designs 
were  referred  to  Mr.  Reed,  then  Chief  Constructor  ot 
the  Navy,  and  he,  though  selecting  the  designs  of 
Messrs.  Laird  as  the  best  offered,  lel'erred  to  a  turret- 
ship  of  his  own,  of  the  same  dimensions,  previously 
submitted ;  and  the  Controller  of  the  Navy,  in  reporting 
on  the  designs,  which  was  the  entire  subject-matter 
referred  to  him,  decided  in  favour  of  Mr.  Reed’s  ship 
over  all  the  private  designs,  and  that  the  Admiralty 
designs  of  the  Audacious  class  of  broadside-ships  w'as 
superior  to  either.* 

This  view  was  adopted,  and  the  result  of  all  this 
competition  among  the  naval  architects  of  Great  Britain 
was  that  six  of  the  Audacious  class  were  ordered  to 
be  built,  four  of  them  being  given  out  to  be  built  in 
the  yards  of  the  disappointed  shipbuilders.  These 
ships  have  all  been  thoroughly  tested  at  sea,  and  the 

*  The  author  states  that  the  competitors  were  surprised  to  find  that 
their  designs  were  referred  to  the  Chief  Constructor  of  the  Navy  for 
report,  but  it  would,  we  think,  have  surprised  them  much  more  to  find 
their  designs  referred  to  any  one  else,  and  the  author  omits  to  suggest 
what  other  or  better  authority  existed  for  framing  a  report  upon  such 
designs.  We  doubt  if  tlie  competitors  really  felt  any  surprise  at  all  in 
the  matter,  for  they  must  have  known  that  the  Admiralty  invariably 
referred  competitive  designs  to  their  responsible  professional  officers 
for  report.  We  have  never  heard  the  report  which  the  Chief  Con¬ 
structor  made  in  this  case  called  in  question  either  as  regards  its 
scientific  accuracy  or  its  fairness.  It  is  no  doubt  always  to  be  regretted 
when  a  competition  ends  without  result,  and  especially  so  when  the 
judges  of  the  competitive  (lesigns  are  themselves  designers,  and  have 
their  designs  adopted.  But  we  venture  to  think  that  a  competition  for 
the  design  of  a  war-ship  can  very  seldom  terminate  otherwise  in  this 
country,  in  which  the  Admiralty  staff  of  naval  architects  enjoy  far 
better  opportunities  than  private  firms  of  knowing  the  requirements 
and  the  working  of  the  naval  service,  and  are  in  continual  intei  course 
with  the  Lords  of  the  Admiralty,  who  are  the  real  judges  in  all  such 
cases,  and  who  are  bound  to  build  only  such  ships  as  they  approve  of. 
In  the  case  of  the  Indian  troop-ships  a  similar  result  of  competition  to 
the  above  ensued,  in  spite,  as  we  happen  to  know,  of  the  Chief  Con¬ 
structor’s  (Mr.  Reed’s)  urgent  wish  to  have  a  design  of  Mr.  Laird’s 
adopted.  A  design  previously  pre[)ared  by  Mr.  Reed  was  much  pre¬ 
ferred  by  the  Admiralty,  and  was  ordered  accordingly.  (Ed.) 


THE  BRITISH  NAVY. 


59 


results  have  not  been  entirely  satisfactory.  It  is 
rejiorted,  in  the  first  place,  that  they  have  turned  out 
lighter  than  was  intended;  and  it  has  been  necessary 
to  fill  in  their  bottoms  with  concrete  and  ballast,  to  give 
them  the  required  amount  of  stability,  and  to  alter 
the  rig  and  reduce  the  masts  and  sails.  The  broadside 
of  the  Audacious  has  an  area  of  6,670  square  feet,  and 
of  this  only  3,207  square  feet,  or  less  than  one-half,  is 
plated.  Amidships  for  100  feet  by  3  feet,  at  the  water¬ 
line,  the  armour  is  8  inches  in  thickness,  tapering  to 
inches  at  the  bow  and  stern,  and  at  the  other  por¬ 
tions  the  armour  is  6  inches  thick,  except  that  the 
ends  of  the  main-deck  battery  have  only  4-inch  and 
5-inch  armour ;  while  the  ends  of  the  upper-deck 
battery  are  unprotected  against  a  raking  fire,  and 
more  than  half  the  ship’s  side  is  in  the  same  unpro¬ 
tected  state. 

It  seems,  however,  that  some  officers  entertain  high 
opinions  of  the  sea-going  qualities  of  this  class  of  ship, 
as  will  be  seen.  The  Audacious  is  now  the  dag-ship  on 
the  China  station.  Admiral  Eyder,  in  command,  writes 
to  the  controller  of  the  navy  as  follows:  “Whatever 
objections  may  have  been  raised  to  ships  of  the  Auda¬ 
cious  class,  the  longer  experience  I  have  of  them  the 
more  I  am  struck  with  their  wondei’ful  steadiness.  I 
have  just  lately  made  a  passage  running  before  a 
heavy  sea  and  strong  wind,  all  my  stern  ports  barred 
in,  and  to  our  great  surprise  the  ship  did  not  roll  more 
than  2°  to  1°  each  way.  I  half  made  up  my  mind  to 
broach  her  to,  to  see  what  she  would  do  in  such  a  sea, 
but  the  helmsman  did  it  for  me.  In  giving  the  ship  a 
yaw  he  brought  her  to  the  wind,  and  positively  to  our 
surprise  she  declined  to  take  any  notice  of  the  sea  at 
all.  An  iron-clad  fiaii-ship  of  a  first-class  naval  power 
accompanied  me.  We  were  both  proceeding  before  the 
same  sea,  my  flag-ship  rolling  2°  to  1°,  the  flag-ship  of 
the  other  power  rolling  20°.” 

After  the  above  brief  outline  of  vessels  of  former 
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types  we  now  come  to  the  more  recent  and  important 
designs  of  broadside  armoured  ships.  The  broadside 
system  has  proved  tenacdous  of  life.  For  masted  vessels 
it  fairly  holds  its  own  against  the  turrets.  The  hitherto 
unknown  perfection  to  which  it  has  been  brought  in 
the  Alexandra  appears  likely  to  give  it  a  new  lease  of 
life,  especially  in  combination  with  all-round  fire  from 
fixed  turrets  on  the  upper  deck,  as  in  the  Temeraire, 
The  Alexandra,  the  largest  masted  iron-clad  that  had 
ever  been  designed,  is  a  central-battery  ship  in  the 
best  sense — that  is,  she  needs  no  bow  or  stern  batteries 
for  the  purpose  of  end-on  fire.  She  is  one  of  the  v^ery 
few  broadside  armoured  masted  ships  which  have  a 
satisfactory  all-round  fire ;  as  out  of  twelve  guns,  four, 
including  the  heaviest,  can  fire  right  ahead  and  two 
right  astern.  On  each  broadside  from  four  to  six  guns 
can  be  fought,  according  to  the  bearing  of  the  enemy. 
In  other  words,  she  has  almost  as  perfect  an  all-round 
fire  as  is  attainable  in  a  broadside  armoured  vessel,  and 
this  forms  her  chief  claim  to  consideration.  So  far  as 
the  fighting  portion  of  the  vesseTis  concerned,  she  is  a 
two-decker,  unlike  the  six  armoured  vessels  of  the 
Audacious  class  referred  to  above,  and  she  may  be  con¬ 
sidered  a  perfect  example  of  a  war-ship  such  as  was 
shadowed  forth  in  those  vessels.  The  battery  consists 
of  two  Woolwdch  rifled  muzzle-loading  guns  of  2d  tons 
each,  and  ten  of  18  ton?  each,  the  former  being  of  a 
size  not  previously  attempted  to  be  carried  in  a  broad¬ 
side  ship.  Tlie  two  25-ton  guns  are  placed  in  the 
upper-deck  battery  forward.  These  can  be  trained  from 
2°  or  3°  across  the  fore-and-aft  line  forward,  to  several 
degrees  abaft  the  beam.  There  are  also  two  18-ton 
guns  which  have  much  the  same  training  aft  as  the 
others  possess  forward.  These  four  guns  comprise  the 
armament  of  the  upper-deck  battery.  To  localise  the 
effects  of  shells  exploding  between  decks,  the  main-deck 
battery  is  divided  in  two  by  an  armoured  bulkhead 
which  forms  a  continuation  dowmw'ard  of  the  forward 
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bulkhead  of  the  upper-deck  battery.  In  the  portion 
which  lies  under  and  corresponds  with  the  upper-deck 
battery  are  six  18-ton  gims,  three  on  each  side,  for 
broadside  fire  only.  In  the  forward  and  detached  por¬ 
tion  of  the  main-deck  battery  are  two  other  18-ton  guns 
for  end-on  fire,  which  is  obtained  by  means  analogous 
to  those  employed  in  the  upper-deck  battery.  Before 
the  main-deck  battery  the  whole  side  of  the  ship  is  set 
back  above  the  level  of  the  main  deck,  which  is  at  the 
top  of  the  armour-belt.  In  other  words,  the  ship  before 
the  battery  is  narrower  above  the  main  deck  than 
below  it,  so  that  two  guns  on  each  side,  one  in  the  upper 
deck  and  one  in  the  main-deck  battery,  can  be  fired 
right  ahead  past  the  sides.  Their  angle  of  training  is 
nearly  100°.  The  sills  of  the  main-deck  ports  are 
9  feet,  and  those  of  the  upper-deck  ports  more  than 
17  feet,  above  the  water.  The  water-line  is  protected  by 
a  belt  having  a  maximum  thickness  of  12  inches,  and 
the  armour  forward  is  carried  down  over  the  ram,  in 
order  to  strengthen  the  latter  and  to  protect  the  vital 
parts  of  the  ship  against  injury  by  a  raking  fire  from 
ahead,  at  times  when  the  hollows  of  waves  or  the  action 
of  pitching  might  expose  the  bow.  The  machinery, 
magazines,  &c.,  are  similarly  protected  against  a  raking 
fire  from  aft  by  an  armoured  bulkhead,  5  inches 
thick.  The  batteries  are  protected  by  armour  of  only 
8  inches  thick  below  and  6  inches  above,  which  is  a 
deficient  pi-otection  against  guns  now  in  common  use 
on  board  armed  vessels  in  European  navies. 

The  total  weight  of  armour  and  backing  in  the 
Alexandra  is  2,350  tons. 

The  principal  dimensions  of  the  vessel  are  : — 


Length,  between  perpendiculars .  325  feet. 

Breadth,  extreme  .  63  feet  8  inches. 

Depth  of  hold .  18  feet  inches. 

Tonnage .  6,050. 

Displacement .  9,492. 

Draught  forward  .  26  feet. 

Draught  aft  .  26  feet  6  inches. 
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The  system  of  framing  adopted  in  former  armoured 
vessels  has  been  preserved  in  its  main  features.  The 
great  weight  of  armour  and  machinery,  together  with 
the  immense  power  to  be  developed,  necessitates 
arrangements  being  made  which  shall  give  great 
strength  to  the  hull.  The  chief  characteristics  of 
the  system,  as  in  other  vessels,  consists  in  the  adop¬ 
tion  of  an  inner  bottom  and  short  frame  angle-irons 
connected  by  bracket-plates.  Increased  strength  longi¬ 
tudinally  is  gained  by  the  use  of  deeper  longitudinal 
frames  than  liave  been  employed  in  many  former 
vessels ;  an  advantage  of  this  feature  being  that  the 
space  between  the  two  bottoms,  viz.  4  feet  amid¬ 
ships,  is  roomy  and  easy  of  access  for  denning  and 
painting,  operations  which  are  essential  to  the  preser¬ 
vation  of  an  iron  structure.  Facilities  are  also  afforded 
by  these  arrangements  for  letting  in  water  between  the 
bottoms  to  regulate  the  trim  of  the  vessel.  Provision 
is  made  for  pumping  out  any  compartment  required. 
In  addition  to  the  strength  and  safety  afforded  by 
these  numerous  water-tight  cells  between  the  two 
bottoms,  greatly  increased  strength  is  obtained  L)y  the 
employment  of  a  heavy  longitudinal  bulkhead  through 
the  centre  of  the  ship,  commencing  at  40  feet  abaft  the 
stem  and  extending  to  within  40  feet  of  the  stern. 
The  wing  passatre  bulkheads  on  either  side  also  form 
longitudinal  divisions  of  the  hold,  and  advantage  is 
taken  of  the  transverse  bulkheads  to  form  subdivisions 
for  the  magazines,  shell-rooms,  chain-lockers,  shaft- 
passages,  and  passages  between  the  engines  and  boilers. 
The  twelve  boilers  are  subdivided  by  bulkheads  into 
four  separate  sets  of  three  each,  and  the  engines  of  the 
twin  screws  into  two  sets.  In  other  words,  the  centre 
longitudinal  bulkhead  divides  the  engines  of  each 
screw ;  it  also  divides  the  boilers,  six  being  on  either 
side  of  it ;  beside  which  there  is  a  transverse  bulkhead 
abp,ft  the  boilers,  one  immediately  before  them,  and 
one  in  the  centre  of  the  six.  These  several  water-tight 
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bulkheads  are  so  arranged  that  auy  one  or  more  sets  of 
boilers  can  be  worked  independently  of  the  others. 
All  communication  can  also  be  shut  off  from  either 
set  of  engines,  so  that  if  one  side  of  the  ship  be 
damaged  the  engines  on  the  opposite  side  can  be 
worked  indt-'pendently.  In  the  event  of  damage  to 
the  bottom,  or  accident  by  fire  or  other  causes,  any 
one  of  the  compartments  can  be  shut  off  or  flooded. 
All  the  bulkheads  are  butte  1  at  the  joints,  beautifully 
fitted,  and  strongly  secured  like  a  rigid  bridge.  The 
water-ti2:ht  doors  on  the  lowermost  deck  are  fitted  with 
hinges  having  loose  pins,  and  are  secured  when  shut  by 
levers  placed  at  short  intervals  all  round  the  edges 
of  the  doors,  which  may  be  worked  from  either  side  of 
the  bulkhead.  The  doors  in  the  hold  are  made  to 
slide  up  and  down,  being  raised  or  lowered  by  screws 
worked  from  the  main  deck.  Flooding  arrangements 
are  fitted  to  the  magazines,  shell-rooms,  and  torpedo- 
rooms  ;  proper  stop-cocks  with  locks  being  fitted  in 
each  case  to  prevent  the  possibility  of  water  being  let 
in  by  mistake.  Excellent  facilities  for  pumping  have 
been  applied,  to  be  worked  by  steam  or  by  hand  from 
the  decks.  Drain-pipes  are  placed  between  the  two 
bottoms,  so  as  to  give  control  over  tiie  water  in  every 
compartment,  and  to  fill  or  empty  them  ;  the  former 
when  they  are  used  for  carrying  water-ballast,  and  the 
latter  when  they  are  pumped  out  in  case  of  accident. 

The  frame  spaces  and  the  hollow  masts  constitute 
excellent  ventilating  tubes,  the  masts  especially  being 
good  uptakes.  On  account  of  the  liability  of  the 
inhabited  decks  to  become  contaminated,  attention  has 
been  given  to  the  necessity  of  conveying  the  foul  air 
away  to  the  upper  deck  by  distinct  pipes  from  the 
hold  and  from  the  berth  decks.  This  point  has  not, 
however,  been  carried  to  the  extent  it  deserves.  An 
important  measure  lately  adopted  consists  in  providing 
means  for  closing  all  ventilators  in  event  of  fire.  This 
is  the  more  necessary  in  the  case  of  hollow  masts  used 
as  ventilating  tubes,  for  if  a  fire  should  occur  in  the 
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hold,  the  masts  at  once  become  tall  chimneys  creating 
enormous  draughts  to  fan  the  flames.  One  case  of 
this  kind  is  known  to  have  occurred  in  the  mercantile 
vessel  Biver  Boyne  only  a  short  time  since,  and  it  is 
probable  that  there  have  been  other  unrecorded 
cases. 

The  Alexandra  is  the  first  cruising  armoured  broad¬ 
side  ship  of  the  royal  navy  that  has  been  engined  on 
the  compound  system.  The  machinery  was  designed 
and  constructed  by  Messrs.  Humphreys  &  Tennant,  at 
their  works  at  Deptford. 

As  in  all  recent  armoured  ships  of  the  royal  navy, 
twin  screws  are  applied  to  the  Alexandra.  Each  screw 
is  driven  by  an  independent  set  of  engines  with  three 
vertical  inverted  cylinders  of  the  collective  power  of 
4,000  horses,  giving  an  aggregate  indicated  horse-power 
of  8,000  for  both  sets  of  engines.  Tbe  diameter  of  the 
high-pressure  cylinder  is  70  inches,  and  the  diameter 
of  each  low-pressure  cylinder  90  inches.  The  high- 
pressure  cylinder  is  in  the  centre ;  its  faces  are 
made  separately  of  hard,  close-grained  iron,  2  inches 
thick,  and  secured  to  the  cylinder  with  brass  counter¬ 
sunk  screws.  The  linings  or  working-barrels  of  all 
the  cylinders  are  made  separately,  and  bolted  to  the 
cylinders  at  one  end,  and  fitted  with  an  expansion  joint 
at  the  other,  with  a  steam  space  of  1  inch  between. 
The  intermediate  spaces  between  the  high  and  low 
pressure  cylinders  are  also  steam-jacketed.  The  slide- 
valves  are  double-ported  and  fitted  with  packing-rings 
on  the  back,  to  relieve  them  of  part  of  the  steam 
pressure.  Chocks  are  fitted  to  the  cylinders  to  stay 
them  in  the  event  of  the  ship  being  used  for  ramming. 
The  crank-shafts  are  made  in  three  pieces,  which  are 
interchangeable.  The  diameter  of  the  bearings  of  the 
crank-pins  is  17^  inches,  and  their  lengths  are  equal  to 
the  diameters.  The  crank-shaft  brasses  are  lined  with 
white  metal,  and  so  fitted  that  they  can  be  removed 
without  necessitating  the  ^removal  of  the  shaft — and 
each  top  brass  and  cap  has  a  hole  large  enough  to 
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admit  of  a  man’s  hand  being  applied  for  the  purpose  of 
ascertaining  its  temperature.  The  diameter  of  the 
propeller  shafting  is  16  inches,  except  the  stern-shaft 
through  the  tube,  which  is  18  inches,  exclusive  of  the 
brass  casing.  The  tubes  through  the  stern  are  of  one 
length,  and  of  gun-metal,  and  the  driving  shafts  within 
them  are  cased  with  gun-metal  cast  on.  The  lengths 
of  the  lignum-vita3  bearings  in  the  tubes  are  4  feet 
6  inches  at  the  after  end,  and  2  feet  3  inches  at  the 
fore  end. 

The  engines  are  raised  considerably  above  the  inner 
bottom  of  the  ship  with  the  view  of  preventing 
damage  to  them  in  case  of  accident  to  the  ship’s 
bottom.  The  propeller-shafts  are  in  consequence 
somewhat  inclined.  The  surface-condensers,  one  to 
each  set  of  engines,  are  so  fitted  as  to  be  worked  as 
common  jet-condensers  if  necessary.  They  contain  an 
aggregate  of  16,500  square  feet  of  cooling  surface. 
The  tubes  are  of  solid  drawn  brass,  f  inch  in  diameter, 
and  are  fitted  to  be  packed  at  each  end  in  the  usual 
manner.  The  water  is  supplied  by  means  of  centri¬ 
fugal  pumps,  worked  by  independent  engines.  The 
air-pumps,  two  to  each  low-pressure  cylinder,  are 
worked  directly  from  the  main  pistons. 

Each  set  of  engines  is  fitted  with  two  feed-pumps 
and  corresponding  bilge-pumps ;  and  an  auxiliary  en¬ 
gine  is  fitted  to  each  boiler-compartment,  capable  of 
working  another  feed-pump  having  a  set  of  feed-pipes, 
feed-cocks,  and  overflow- valves  separate  and  distinct 
from  the  pipes  and  apparatus  belonging  to  the  main 
feed-pumps.  Two  additional  auxiliary  engines,  one  to 
each  engine-room,  are  fitted  as  fire-engines.  A  double 
hand-pump  to  each  set  of  engines  is  also  provided :  and 
a  hand-pump  to  each  screw-tunnel,  with  all  necessary 
attachments,  for  the  purpose  of  drawing  water  from 
the  lowest  point  in  the  ship.  The  screw  propellers  are 
of  the  Mangin  type,  21  feet  in  diameter,  and  work 
outwards. 

The  boilers  are  twelve  in  number,  divided  by  bulk- 
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heads  into  four  distinct  sets.  They  are  placed  in  the 
ship  hack  to  back  against  the  longitudinal  bulkhead. 
The  fronts  face  the  sides  of  the  ship,  and  they  are  con¬ 
sequently  fired  from  stoke-holes  convenient  to  the 
coal-bunkers.  An  additional  advantage  in  this  arrange¬ 
ment  consists  in  keeping  the  boilers  clear  of  the  sides 
of  the  ship,  and  thus  making  the  sides  accessible  in 
the  event  of  torpedoes  or  rams  making  holes  through 
them.  The  four  sets  of  boilers  are  arranged  to  be  used 
either  separately,  in  sets,  or  singly.  Each  boiler  con¬ 
tains  three  furnaces  40  inches  in  diameter  and  6  feet  6 
inches  long.  The  total  heating  surface  is  21,900  square 
feet,  and  the  pressure  of  steam  to  the  square  inch 
60  pounds.  The  smoke  and  gases  are  all  carried  into 
one  chimney.  Each  boiler  is  fitted  with  an  internal 
steam-pipe  to  obviate  the  effects  of  priming.  This  pipe 
is  of  brass,  ^  inch  thick ;  it  extends  the  whole  length 
of  the  boiler,  and  has  narrow  transverse  slits  through 
which  the  steam  must  pass.  “  So  as  to  prevent  any 
catastrophe  through  the  safety-valves  getting  out  of 
order,  each  boiler,  in  addition  to  the  ordinary  safety- 
valve  box,  containing  two  spring  safety-valves,  has  a 
supplementary  test-valve  loaded  with  a  lever  and 
•weight  and  placed  on  the  front  of  the  boilers.  There 
are  also  two  pressure-gauges  to  each  boiler,  one  being 
intended  to  act  as  a  check  to  the  other,  the  working 
gauge  being  graduated  to  80  pounds  and  the  other  to 
120  pounds.  The  stop-valves  and  safety-valves  are  all 
worked  from  the  stoke-hole  floors,  and  the  main  engine 
stop-valves  are  so  arranged  that  they  can  be  either 
worked  from  the  engine-room  or  from  the  main  deck. 
The  whole  of  the  boiler  mountings,  including  the 
safety  -  valves  and  their  boxes,  are  made  of  gun- 
metal.” 

Two  cwt.  of  zinc,  in  blocks  of  12  by  6  by  2  indies, 
are  suspended  in  each  boiler  with  the  view  of  prevent¬ 
ing  corrosion.  The  furnaces  are  made  in  short  lengths 
riveted  together  with  flanges,  having  short  distance 
pieces  between  them.  The  'furnaces,  tube  plates,  and 
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fire-boxes  are  of  Lowmoor  iron,  and  all  other  parts  of 
B  B  Staffordshire  iron.  The  thicknesses  of  the  plates 
are  as  follows  ;  tube-plates  f  inch  ;  shells  ^  inch  ;  back 
f  inch  ;  front,  above  and  below  the  tube-plates,  |  inch  ; 
and  all  other  parts  I  inch.  The  shells  of  the  boilers 
are  double-riveted,  and  the  long-itudinal  joints  have 
butt-plates  inside  and  outside.  Tiie  grate-bars  are  of 
wrought  iron,  3^  inches  deep  by  1^-  inch  wide,  and  are 
made  in  three  lengths.  The  fire-rooms  are  ventilated 
by  means  of  circular  fans,  which  are  fitted  high  up  in 
the  ship,  and  driven  by  small  engines. 

The  complement  of  engineer-officers  is  one  chief  and 
ten  assistants ;  and  the  complement  of  stokers,  eighty. 
In  addition  to  the  care  and  management  of  the  enor¬ 
mous  machinery  for  propelling  the  ship,  the  engineer- 
officers  have  charge  of  the  machinery  for  steering,  for 
hoisting  the  anchors,  for  ventilation,  and  also  of  all  the 
water-tight  doors,  valves  and  cocks  in  the  ship.  There 
are  two  pairs  of  auxiliary  engines,  immediately  abaft 
the  main  engines,  for  revolving  the  screws  when  they 
are  disconnected  from  the  main  engines  and  the  ship  is 
under  sail.  These  engines  work  the  screws  through  the 
intervention  of  brass  bevel-wheels,  working  into  wood 
cog-wheels  on  the  couplings  of  the  disconnected  shafts. 
The  ship  has  three  masts,  is  barque-rigged,  and  is 
designed  as  a  cruiser.  Ventilators  are  abundantly  pro¬ 
vided,  for  carrying  fresh  air  throughout  the  ship  ;  and 
water-pipes  are  also  extended  along  the  decks,  with  at¬ 
tachments  to  the  steam  and  hand  fire-engines.  The 
estimated  maximum  speed  of  the  ship  is  14  knots,  and 
it  is  believed  that  12^  knots  under  sail  may  be  attained 
under  favourable  circumstances. 

The  mind  of  an  officer  who  has  passed  his  sea-life  on 
board  the  old  type  of  wooden  ships  of  war,  and  become 
accustomed  to  their  low,  dark  “  between-decks,”  small 
and  badly  arranged  air-ports,  wretched  ventilation,  and 
horrid  bilge-water  odour,  together  with  the  familiar 
cast-iron  smooth-bore  guns,  mounted  on  wooden  car¬ 
riages,  must  be  greatly  astonished  when,  for  the  first 
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time,  he  enters  the  batteries  of  the  Alexandra,  and  sees 
the  great  rifled  guns  mounted  on  Scott’s  system  of 
wrought-iron  carriage,  and  the  unusual  height  between 
decks  of  10  feet  4  inches  in  the  upper-deck  battery, 
and  9  feet  6  inches  in  the  main.  But  lofty  and 
spacious  as  these  battery-decks  are,  his  surprise  would 
be  still  greater  upon  seeing  the  mess  or  living  deck, 
which  has  the  extraordinary  height  of  11  feet  6  inches 
from  deck  to  under  side  of  beam,  equal  to  the  lofty 
ceiling  of  -a  modern  dwelling-house.  He  would  also  be 
impressed  with  the  large  air-ports,  the  pleasant,  light 
and  commodious  cabins  for  the  officers,  the  ward-room 
centrally  situated,  with  a  passage  between  it  and  the 
cabins  on  each  side ;  an  arrangement  for  convenience 
and  comfort  unknown  to  old  officers.  The  admiral’s 
cabin  is  of  small  dimensions,  and  abaft  the  ward¬ 
room  ;  and  the  captain  is  quartered  on  the  upper 
deck,  directly  over  the  admiral. 

Since  writing  the  foregoing  description  of  the  Alex¬ 
andra,  the  official  trial  on  the  measured  mile  has  been 
made,  when  a  speed  at  the  rate  of  15  knots  per  hour 
was  attained,  with  entirely  satisfactory  working  of  the 
machinery. 

The  revolutions  made  by  the  engines  on  this  trial 
were  67  per  minute,  and  they  indicated  8,600  horse¬ 
power,  or  600  in  excess  of  the  contract. 


CHxVPTER  VII. 

THE  BRITISH  NAVY.— H.M.SS.  TEMEBAIBE  AND 
SHANNON. 

The  Temeraire,  recently  completed  at  Chatham 
dock-yard,  is  designed  for  a  sea-going  ship.  Her  most 
important  feature — the  feature,  in  fact,  which  distin¬ 
guishes  her  fundamentally  frgm  all  other  armoured 
ships  of  the  British  navy — is  that  she  carries  the 
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upper-deck  armament  in  two  fixed  turrets  open  at  the 
top,  instead  of  a  central  battery.  At  each  end  of  the 
upper  deck  is  a  pear-shaped  tower  or  battery,  standing 
about  6  feet  above  the  deck,  and  measuring  about  33 
feet  in  length  fore  and  aft,  which  is  the  direction  of  its 
longest  axis,  by  21  feet  6  inches  across.  This  contains 
a  turn-table,  on  which  is  to  be  mounted  a  25-ton  gun, 
worked  by  hydraulic  machinery,  on  the  disappearing 
principle;  that  is,  the  gun  is  raised  to  be  fired  over 
the  edge  of  the  tower,  and  immediately  after  firing 
sinks  under  cover  to  be  reloaded.  As  the  sides 
of  the  vessel  from  the  level  of  the  upper  deck  to  that 
of  the  main  deck  are,  of  course,  not  armoured  at  the 
extremities,  a  connection  is  made  between  the  tower 
and  the  lower  part  of  the  ship  by  an  armoured  trunk 
or  tube,  so  placed  that  on  the  gun  being  revolved,  after 
firing,  into  the  fore-and-aft  line,  with  its  muzzle  toward 
the  middle  of  the  ship,  the  muzzle  comes  just  over  the 
opening,  ready  for  the  fresh  charge  to  be  brought  up 
to  it  from  below.  It  must,  of  course,  always  be 
brought  to  the  same  position  for  loading.  The  French 
engineers  have,  from  the  first  introduction  of  armoured 
ships,  entertained  a  noted  antipathy  to  revolving 
turrets.  They  have  objected  to  protecting  the  guns  by 
a  weight  equal  to  that  of  the  guns  and  their  ammuni¬ 
tion  ;  to  a  system  which  prevented  an  enemy  from 
being  clearly  seen  ;  and  to  the  impossibility  of  getting 
an  all-round  fire  with  two  turrets  on  a  line ;  while  the 
advantages  they  claimed  for  the  barbette  system  were 
that  an  enemy  could  be  clearly  seen,  and  that  the 
freedom  and  morale  of  the  gunners  were  better  assured 
than  in  a  turret  battery. 

The  French  naturally  defend  their  own  system 
against  the  opinions  of  all  other  European  naval 
authorities.  In  the  usual  sense  of  the  words,  the  guns 
in  the  open  battery  of  the  Temeraire  are  not  barbette 
guns  at  all.  They  are  fired  en  barbette,  just  as  guns  in 
Moncrieff  gun-pits  are,  but  they  are  not  en  barbette  at 
any  other  time,  which  is  an  important  distinction. 
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They  and  their  crews  are  not  exposed  to  onedialf  of 
the  risks  which  attend  guns  mounted  permanently 
ahove  the  parapet  of  the  battery,  as  is  the  case  in  all 
the  French  open-top  turrets.  The  upper-deck  guns  of 
the  Temeraire  have  much  more  in  common  with  the 
Moncrieff  system  of  mounting,  or  even  with  guns  in 
ordinary  turrets,  than  with  the  old  and  objectionable 
system  of  barbette  firing.  But  it  remains  to  be  seen 
whether  this  disappearing  system  of  Messrs.  Arm¬ 
strong’s,  to  be  tested  in  the  Temeraire,  will  be  successful. 

The  foremost  turret  is  protected  by  10-inch  armour, 
and  the  after  one  by  8-inch.  The  guns  have  a  clear 
sweep  all  round  the  ends  of  the  ship  to  some  distance 
abaft  or  before  the  beam,  as  the  case  may  be.  In 
order  not  to  obstruct  the  fire  the  bulwarks  are  kept 
low,  viz.,  about  4  feet  above  the  deck,  an  arrangement 
hardly  to  be  avoided,  but  likely  to  be  objected  to  by 
sailors.  The  high  bulwarks  of  ordinary  men-of-war 
are  liked  by  the  men  for  the  protection  they  give 
against  wind  and  sea ;  but,  on  the  other  hand,  the 
Temeraire  has  an  upper  deck,  with  no  break  in  it 
except  the  poop  and  forecastle — and  the  fixed  turrets, 
which  are  partly  enclosed  in  them.  All  recent  cruis¬ 
ing  iron-clads  have  had  an  upper  deck  here,  interfering 
more  or  less  with  the  working  of  ropes,  which  is  got 
rid  of  in  the  Temeraire.  The  Temeraire  fires  one 
25-ton  gun  right  ahead  from  the  upper  deck  and  the 
same  right  astern ;  and  both  of  these  have  a  large 
range  over  the  broadside.  On  the  main  deck  is  the 
Temeraire's  double  or  divided  battery,  which  protects 
the  lower  part  of  the  funnel,  and  resembles,  excejat  in 
being  shorter,  the  main-deck  battery  of  the  Alex¬ 
andra.  The  foremost  part  contains  two  25-ton  guns, 
whose  angles  of  training  extend  from  a  little  abatt  the 
beam  on  each  side  to  a  little  across  the  fore-and-aft 
line  ;  so  that  a  converging  fire-at  some  distance  ahead 
of  the  vessel  is  secured,  as  already  described  in  the 
case  of  the  Alexa,ndra.  These  guns,  of  course,  fire 
from  corner  ports,  and  the  sides  of  the  ship  above  the 
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main  deck  or  top  of  tlie  belt  are  set  back  several  feet 
forward.  The  after  part  of  the  battery  contains  four 
18-ton  2:uns,  for  broadside  fire  only.  On  the  whole, 
the  Temeraire  fires  three  25-ton  guns  right  ahead,  two 
25-ton  guns  on  either  bow,  one  25-ton  gun  right  aft,  one 
25-ton  gun  on  each  quarter,  two  25-ton  and  two  18-ton 
guns  on  each  beam,  if  the  vessel  is  engaged  only  on 
one  side  at  a  time,  and  a  third  25-ton  gun  available 
through  one-half  of  the  usual  arc. 

The  guns  of  the  Temeraire  are  better  defended  than 
those  of  any  other  broadside  ship,  and  this  fact, 
coupled  with  a  water-line  defence  nearly  equal  to  that 
of  the  Alexandra,  an  armament  which  many  will 
prefer  to  hers,  and  a  much  less  size  and  cost,  should 
give  her  the  character  of  being  the  most  successful 
masted  ship,  provided  the  system  of  working  the 
25-ton  guns  proves  satisfactory.  She  is  at  least  much 
superior  to  any  broadside  ship,  however  large,  which 
preceded  the  Alexandra. 

Like  all  belted  ships,  the  Temeraire  has  weak  places 
in  her  water-line ;  but  amidships,  over  the  most  vital 
parts,  she  has  11-inch  armour,  against  12-inch  in  the 
Alexandra,  reduced  very  slightly  above  and  below. 

At  the  bow,  to  guard  against  exposure  to  raking  fire 
in  pitching,  the  armour  is  carried  down  over  the  point 
of  the  ram,  and  similar  protection  is  given  to  the 
magazines,  &c.,  against  raking  fire  from  aft,  by  an 
armoured  •  bulkhead  across  the  hold,  which  is  plated 
with  5-inch  armour.  The  deck  at  the  top  of  the  belt 
outside  the  main-deck  battery  is  1-^-  incn  thick.  The 
hull,  which  has  the  usual  double  bottom,  and  is 
divided  into  very  numerous  water-tight  compartments, 
is  built  on  the  well-known  bracket-frame  system,  and 
is  sheathed  externally  with  wood  covered  with  zinc. 
The  engine  and  boiler  rooms  are  divided  in  two,  as  in 
other  recent  twin-screw  ships,  by  a  longitudinal  bulk¬ 
head,  for  the  purpose  of  limiting  the  entry  of  water  in 
case  of  injury  from  rams  or  torpedoes.  The  weight  of 
the  armour  and  backing  is  about  2,300  tons,  or  nearly 
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the  same  as  in  the  Alexandra ;  the  bunkers  contain 
only  600  tons  of  coal ;  and  the  guns,  ordnance  stores, 
engines,  boilers,  and  all  other  equipments  weigh  about 
2,200  tons.  These  weights,  amounting  in  all  to  5,100 
tons,  are  carried  by  a  hull  weighing  3,300  tons.  The 
spread  of  canvas  is  considerable,  but  it  is  carried  brig 
fashion,  on  two  masts  only,  so  as  not  to  obstruct  the 
end-on  fire  of  the  upper-deck  guns. 

The  following  are  the  principal  dimensions  of  the 
Temeraire  with  similar  information  added  for  the 
Alexandra  for  the  sake  of  comparison : — 

Temeraire.  Alexandra. 

Length  between  perpendiculars  ...  285  feet.  325  feet. 


Breadth,  extreme  .  62  feet.  63  feet  8  ins. 

Draught  aft .  27  feet.  26  feet  6  ins. 

Draught  forward .  26  feet  6  ins.  26  feet. 

Displacement  . 8,412  tons.  9,492  tons. 

Indicated  horse-power .  7,600  8,600 

Speed  . . .  14 '56  knots.  15  knots. 


Armour : — 

Maximum  thickness  on  belt . .  11  inches.  12  inches. 

Thickness  on  batteries  .  10-inch,  8-inch.  8-inch,  6-in. 

Guns  of  25  tons  .  4  2 

Guns  of  18  tons  .  4  10 

Weight  of  broadside  fire  .  2,600  pounds.  2,600  pounds. 

Weight  of  bow  fire .  1,800  pounds,  2,000  pounds. 

Weight  of  stern  fire  .  600  pounds.  800  pounds. 

Cost,  estimated  . £374,000  £521,000 

The  Temeraire,  in  common  with  all  recently-con¬ 
structed  armoured  ships,  is  fitted  for  discharging 
Whitehead  torpedoes  beneath  the  water,  through 
openings  in  the  sides,  fitted  with  projecting  shields. 

Each  screw  is  driven  by  an  independent  set  of 
compound  engines,  with  two  vertical  inverted  cylin¬ 
ders.  The  high  pressure  cylinder  is  69  inches  in 
diameter,  and  the  low  pressure  114  inches  ;  the  length 
of  stroke  being  3  feet  10  incdies.  The  maximum 
number  of  revolutions  on  the  measured-mile  trial 
were  78.  They  are  the  first  examples  of  engines 
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in  the  British  navy  in  which  all  the  stationary  parts 
(cylinders,  valves,  and  their  covers  excepted),  as 
well  as  the  working  parts,  are  made  of  wrought  iron, 
steel,  and  gun-metal — no  cast  iron  being  used  in  the 
construction,  except  as  before  mentioned ;  as  a  con¬ 
sequence,  the  same  strength  is  obtained  with  increased 
lightness  and  improved  appearance.  The  bed-plates 
are  built  up  of  wrought-iron  plates,  to  which  the 
blocks  for  the  main  bearings  are  riveted.  The  con¬ 
densers  are  of  gun-metal,  cast  in  four  plates  each,  and 
bolted  together.  The  condenser-tubes  are  tinned  on 
both  sides,  and  each  one  is  secured  in  place  by  a 
stuffing-box  tapped  into  the  plate,  with  a  canvas 
washer  behind  it.  The  air  and  other  pumps  are  also 
of  gun-metal.  The  valve-face  of  the  high-pressure 
cylinder  is  of  phosphor  bronze,  screwed  on  by  gun- 
metal  screws.  The  boilers  are  twelve  in  number,  of 
elliptical  shape,  each  containing  three  furnaces.  They 
are  placed  back  to  back  against  the  middle  line 
longitudinal  bulkhead,  with  the  fronts  facing  the  coal- 
bunkers  next  to  the  sides  of  the  vessel.  They  are 
divided  by  bulkheads  into  four  separate  sets,  in  the 
same  manner  as  those  in  the  Alexandra ;  and  any 
one  boiler  or  set  of  boilers  can  be  worked  indepen¬ 
dently  of  the  others. 

The  Shannon,  built  at  Pembroke,  is  a  new  design 
of  special  type  for  a  broadside  armour-belted  cruising 
ship.  Her  length  between  perpendiculars  is  260  feet ; 
breadth,  extreme,  54  feet;  depth  of  hold,  21  feet, 
7^  inches ;  draught  of  water  forward,  20  feet ;  aft, 
22  feet  6  inches ;  and  displacement,  5,100  tons.  She 
has  a  full  ship-rig,  is  designed  to  carry  a  large  spread 
of  canvas,  and  has  a  single  screw-propeller  of  the 
lifting  kind ;  sail-power  is  intended  to  be  used  under 
all  ordinary  conditions  of  cruising.  There  are  several 
interesting  peculiarities  in  the  construction  of  this 
vessel.  The  guns,  which  are  to  fight  upon  the  broad¬ 
side,  are  on  an  open  deck,  and  are  without  any  armour 
protection.  The  armour  is  limited  to  a  belt  extending 
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round  the  vessel  at  the  water-line,  which  is  not  tapered 
towards  the  bow,  as  usual,  but  ends  abruptly  60  feet 
short  of  it,  at  an  armoured  bulkhead  9  inches  thick, 
extending  across  the  vessel  at  this  point.  Before 
this  bulkhead  the  armour  takes  the  form  of  a  sub¬ 
merged  deck  5  feet  below  water,  running  forward  and 
sloping  downwards  to  a  depth  of  10  feet  at  the  stem. 
The  plating  of  this  deck  is  3  inches  thick.  The 
deck  at  the  top  of  the  armour  belt  abaft  the  bulkhead 
is  of  iron,  1^  inch  thick,  covered  by  wood ;  the  hatches 
passing  through  it  being  protected  by  shell-proof 
gratings.  The  armour  bulkhead  already  referred  to — 
across  the  bow  of  the  vessel  at  60  feet  abaft  the  stem 
— rises  to  a  height  of  20  feet  above  the  water-line  to 
the  top  of  the  forecastle,  and  there  turns  at  the  sides, 
extending  aft  and  embracing  the  forecastle  with  arms 
26  feet  long  on  both  sides.  It  thus  guards  both  decks 
against  raking  fires  from  ahead,  and  creates  an 
armoured  forecastle,  open  at  the  rear,  which  carries  two 
18-ton  bow  guns.  Within  this  armoured  forecastle  are 
the  instruments  for  communicating  with  the  engine- 
room,  the  steering  wheel,  and  the  battery.  In  other 
respects  the  ship  is  unarmoured,  i.e.,  when  engaged 
upon  the  beam  her  broadside  guns  are  unprotected  by 
armour,  excepting  the  two  under  the  forecastle ;  and, 
against  an  enemy  astern,  the  batter}^  is  as  unprotected 
as  it  woidd  be  in  any  ordinary  unarmoured  ship.  It 
is,  of  course,  intended  that  the  Shannon  shall,  wdien  pos¬ 
sible,  present  her  bow  to  the  enemy,  as  the  men  can 
then  be  Avithdrawn  under  the  cover  of  armour,  and  the 
guns,  being  laid  on  the  broadside,  can  be  discharged 
by  electricity  when  passing  an  enemy,  after  an  attempt 
on  either  side  to  ram.  Compared  with  the  powerful, 
fast,  unarmoured  ships,  and  engaged  with  them,  the 
Shannon  will  have,  if  properly  handled,  many  of  the 
advantages  of  a  first-class  armoured  ship.  She  would 
be  much  more  formidable  than  -such  an  adversary  as 
the  Minotaur,  which  has  twice  her  bulk  and  double 
her  engine  power,  and  cost  nearly  twice  as  much 
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money ;  or  more  formidable  than  any  of  the  formerly 
constructed  armoured  ships  of  Continental  countries. 

The  armour-belt  referred  to  is  9  feet  deep,  5  feet  of 
which  is  under  water  and  4  feet  above  water.  It  is 
put  on  in  12-feet  lengths,  and  extends  from  the  counter 
to  60  feet  from  the  stem.  Tlie  thickness  at  the  water¬ 
line  is  9  indies,  tapering  below  as  well  as  above  the 
water.  The  hull  of  the  vessel  is  constructed  on  the 
usual  system,  but  the  double  bottom  is  only  168  feet  in 
length,  and  is  divided  into  twenty  separate  water-tight 
spaces.  There  are  nine  principal  athwart-ship  water¬ 
tight  bulkheads,  and  fifteen  water-tight  coal- bunkers  ; 
but  there  is  no  longitudinal  bulkhead  extending  through 
the  vessel,  as  in  all  recently  constructed  armoured  ships 
with  twin  screws.  This  element  of  strength  and  safety 
becomes  impracticable  in  single-screw  vessels. 

The  stem  has  a  shifting-ram  fitted  to  it,  the  point 
of  which  is  8  feet  3  inches  above  the  keel,  and  extends 
8  feet  ahead  of  the  stem.  This  ram  is  at  present 
stowed  on  board  the  vessel,  the  idea  being  that  as  so 
many  accidents  have  occurred  in  time  of  peace  from 
the  ram,  and  especially  in  view  of  the  loss  of  the 
Vanguard  from  the  blow  by  the  ram  of  the  Iron 
Duke,  it  is  best  to  make  it  portable  and  fit  it 
in  place  only  in  time  of  war.  In  favour  of  this  plan 
much  can  be  urged,  but  it  seems  to  suggest  the 
questions :  first,  whether  ships  on  foreign  stations  will 
be  able  in  war  time  to  go  into  docks  to  have  their 
rams  secured  in  place ;  and  secondly,  whether,  if  they 
should  succeed  in  doing  this,  the  officers  who  up  to 
that  time  will  have  been  deprived  of  all  experience  in 
guarding  against  accidents  from  it,  will  be  able  to 
avoid  multiplying  those  accidents  which  have  hitherto 
occasionally  happened  under  the  most  ordinary  circum- 
stauces,  notwithstanding  the  experience  that  has  been 
acquired. 

The  bottom  of  the  Shannon,  in  common  with  that  of 
all  recently-coustructed  cruisiug-vessels  of  the  Eoyal 
Navy,  is  sheathed  with  teak  and  zinc.  The  teak  is  put 
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on  in  the  usual  way,  in  a  single  thickness,  with  the 
seams  below  the  water-line  uncaulked,  for  the  purpose 
of  admitting  sea-water  freely  between  the  iron  hull 
and  the  zinc  with  which  the  planking  is  covered. 

The  armament  is  placed  on  an  open  deck  not  unlike 
the  uncovered  decks  of  corvettes.  It  consists  of  nine 
Woolwich  guns,  two  of  which  are  18-ton  guns,  under 
the  protection  of  armour  at  the  bow  from  raking  fire 
ahead ;  six  ,12-ton  guns  (three  on  either  broadside 
unprotected  by  armour) ;  and  one  12-ton  stern  gun, 
which  is  carried  on  a  platform  amidships,  and  is 
intended  to  be  fought  at  a  port  on  either  side  of  the 
deck.  This  gun  is  also  unprotected  by  armour.  The 
two  18-ton  bow-guns  can  be  trained  to  fire  in  a  line 
with  the  keel  or  to  an  angle  of  90  degrees  abaft  it. 

One  of  the  peculiarities  in  the  design  of  this  ship  is 
the  protection  by  horizontal  armour  at  the  top  of  the 
belt;  an  important  feature,  seeing  that  the  side  armour 
extends  only  4  feet  above  water. 

The  plated  decks  protect  the  magazines,  machinery, 
steering-gear,  &c.,  from  the  plunging  fire  of  any  guns 
that  might  be  carried  on  an  enemy’s  upper  deck,  and 
send  projectiles  through  the  unarmoured  side  above 
the  belt. 

A  second  peculiarity  is  the  system  of  coal-tanks 
introduced  for  the  first  time  at  the  bow  of  the  vessel. 

Another  noticeable  arrangement  is  the  adoption  of 
two  ventilating  cowls  upon  the  outside  of  the  ship — 
one  for  carrying  air  directly  to  the  stoke-holes,  and  the 
other  for  ventilating  the  coal-bunkers. 

The  ship  is  to  be  propelled  by  a  single  screw.  The 
machinery  was  constructed  by  Messrs.  Laird  Brothers, 
of  Alabama  fame.  The  engines  are  of  the  compound, 
horizontal,  return  connecting-rod  type,  with  four 
cylinders — two  high  and  two  low  pressure — bolted 
together  similarly  to  those  of  the  White  Star  line  of 
steamers,  but  placed  horizontally.  The  diameter  of 
the  liigh-pressure  cylinders  is  44  inches ;  the  diameter 
of  the  low-pressure  cylinders  85  inches,  and  the  stroke 
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4  feet.  The  condensers  are  of  the  ordinary  surface 
type  used  in  the  British  navy.  The  diameter  of  the 
air-pumps  is  22^  inches,  and  the  stroke  4  feet.  The 
diameter  of  the  crank-shaft  is  17J  inches.  The  screw 
propeller  is  of  the  common  Griffith  type,  two-bladed, 
and  lifting;  its  diameter  is  19  feet  6  inches,  audits 
pitch  may  be  varied  from  18  to  22  feet.  The  boilers, 
cylindrical  in  form,  are  eight  in  number,  each  12  feet 
in  diameter  by  12  feet  long,  and  containing  two 
furnaces  3  feet  8  inches  in  diameter  by  6  feet  in 
length.  They  are  placed  in  the  vessel  back  to  back, 
against  a  longitudinal  bulkhead ;  and,  as  a  conse¬ 
quence,  are  divided  into  two  sets,  with  the  fire-rooms 
facing  the  side  coal-bunkers.  In  this  position  they  are 
conveniently  fired.  A  transverse  bulkhead  separates 
the  boilers  from  the  engines,  and  another  transverse 
bulkhead  forward  separates  them  from  the  hold ;  hence 
the  central  position  of  the  boilers  in  the  vessel,  the 
division  into  two  stoke-holes,  and  protection  by  water¬ 
tight  bulkheads,  gives  all  the  security  possible  in  the 
event  of  damage  to  the  hull  by  rams  or  torpedoes.  The 
entire  length  of  the  boiler-space  in  the  vessel  is  56  feet, 
and  the  width,  including  the  two  stoke-holes,  is  about 
40  feet.  The  space  occupied  by  the  engines  in  the 
length  of  the  vessel  is  36  feet.  The  pressure  of  steam 
to  be  carried  in  the  boilers  is  70  pounds  per  square 
inch.  The  maximum  number  of  revolutions  of  the 
engines  is  to  be  70  per  minute.  At  the  speed  of 
pistons  this  will  give,  viz,,  560  feet  per  minute,  the 
indicated  horse-power  is  estimated  at  3,500  and  the 
speed  of  the  ship  at  13  knots  per  hour.  The  engines 
are  designed  to  work  the  steam  expansively,  from  12 
to  20  times,  as  desired.  The  coal-bunker  capacity 
is  only  500  tons ;  and  it  is  therefore  evident  that 
steaming  will  have  to  be  the  exception  and  sailing 
the  rule  in  the  Shannon. 

The  weights  of  the  machinery  are  as  follows : — 
Engines,  appendages,  and  spare  gear,  with  water  in 
condensers,  266  tons ;  boilers,  including  everything 
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between  boiler-room  bulkheads,  and  water  in  boilers, 
310  tons;  propeller,  shafts,  &c.,  61  tons;  total,  637 
tons.  Total  cost  of  machinery,  £50,000. 

It  is  to  the  Eussian  Admiralty  that  the  credit  of  the 
introduction  of  the  first  belted  cruiser  of  this  type  is 
due.  It  has  been  four  or  five  years  since  they  built 
the  first  vessel  in  which  the  water-line  only  was 
protected  by  armour,  leaving  the  guns  and  crew  un¬ 
protected.  The  Shannon  is,  however,  a  notable 
improvement  upon  the  Eussian  idea;  and  yet  it  has 
been  authoritatively  stated  that,  wEile  she  is  capable 
of  taking  part  in  general  engagements,  if  required, 
she  was  primarily  designed  for  distant  cruising  service, 
the  rig  and  sail -power  being  above  the  average  for 
armoured  broadside  ships. 


CHAPTEE  VIII. 

THE  BRITISH  NAVY.— H.M.SS.  NELSON,  NORTHAMPTON, 
WARRIOR,  WATERWITCH,  AND  GLATTON. 

The  two  sister  ships.  Nelson  and  Northampton,  the 
former  under  construction  by  Messrs.  Elder  &  Co., 
and  the  latter  by  Messrs.  Napier  &  Sons,  near 
Glasgow  on  the  Clyde,  constitute  a  new  type  of  ocean- 
cruising  broadside  armour-plated  ships.  They  are  the 
latest  productions  of  armoured  vessels  by  the  chief 
naval  architect  of  the  British  navy,  and  in  1876  were 
pronounced  by  him  before  an  audience  at  the  loan 
exhibition.  South  Kensington,  to  be  his  “  ideal  of 
cruising  fighting  ships.” 

The  length  between  perpendiculars  is  280  feet ; 
breadth,  extreme,  60  feet;  and  the  mean  draught  of 
water,  loaded,  is  to  be  24  feet  2  inches. 

The  framing  is  on  the  usual  longitudinal  system 
adopted  in  the  construction  of  British  ships  of  war, 
and  in  this  instance  the  longitudinal  frames  are  made 
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of  steel,  so  as  to  combine  lightness  with  strength.  The 
double-bottom  extends  for  about  150  feet  amidships, 
and  the  space  between  the  inner  and  outer  skins  is 
divided  into  many  water-tight  compartments.  Accord¬ 
ing  to  the  system  recently  adopted  for  armoured 
ships,  there  is  a  central  longitudinal  bulkhead,  besides 
numerous  transverse  bulkheads  underneath  the  lower 
deck  and  wing-passage  bulkheads.  Altogether,  includ¬ 
ing  the  spaces  between  the  two  skins,  there  are  ninety 
water-tight  compartments ;  all  the  doors  leading  to 
these  compartments  are  fitted  water-tight  and  worked 
by  machinery,  and  every  conceivable  precaution  has 
been  taken  to  provide  against  destruction  by  rams  and 
torpedoes. 

There  are  three  principal  decks :  the  lower,  main, 
and  upper. 

The  protecting  armour  consists  of  a  belt  at  the 
water-line  of  about  181  feet  in  length  amidships ;  this 
belt  being  9  feet  deep,  4  feet  above  water,  and  5  feet 
under  water.  It  is  put  on  in  two  strakes ;  the  upper 
strake  being  9  inches  thick  upon  a  10-inch  backing  of 
'  teak,  and  the  lower  one  6  inches  thick  upon  a  teak 
backing  of  13  inches.  Extending  across  the  ship  at 
each  end  of  this  armour-belt  there  is  an  armoured 
bulkhead,  which  extends  from  the  bottom  of  the  armour- 
belt,  5  feet  under  water,  to  the  upper  deck,  and  has  in 
all  a  depth  of  22  feet.  Its  thickness  is  9  inches  above 
water,  tapering  to  6  inches  at  the  bottom.  Between 
the  main  and  upper  decks  these  bulkheads  are  shaped 
so  as  to  form  corner  ports  at  the  fore  and  after  ends  of 
the  battery.  Between  the  armour  bulkheads,  and  at 
the  upper  level  of  the  armour-belt,  the  lower  deck  is 
formed  throughout  of  2-inch  plates,  so  as  to  protect  the 
machinery,  boilers,  magazines,  &c.  The  horizontal 
armour  is  a  peculiar  feature  of  these  ships.  For  about 
57  feet  at  the  fore  end  there  is  an  armoured  deck.  This 
deck  is  2  inches  thick  and  5  feet  under  water  at  the 
junction  with  the  armoured  bulkhead,  but  inclines  deeper 
towards  the  stem  and  terminates  forward  in  the  ram. 
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There  is  likewise  a  horizontal  armoured  deck  of  the  same 
thickness  and  same  depth  under  water,  extending  from 
the  after  armoured  bulkhead  to  the  stern.  These  sub¬ 
merged  armoured  decks  are  intended  to  protect  the  lower 
part  of  the  ship  before  and  abaft  the  armoured  bulk¬ 
heads,  and  especially  the  steering-gear  provided  for 
emergencies.  From  the  above  outline  it  will  be  seen 
that  the  central  part  of  the  vessel  for  181  feet  in 
length,  in  which  all  the  propelling  machinery  is  con¬ 
tained,  may  be  regarded  as  completely  protected  from 
ordinary  sWs  of  the  enemy.  The  ends  of  the  vessel 
above  the  submerged  decks  are  entirely  unprotected 
by  armour,  and  may,  it  is  supposed,  be  riddled  with 
shot  wdthout  serious  injury  to  the  flotation  of  the  vessel. 

The  armament  will  consist  of  four  18-ton  guns  and 
eight  12-ton  guns  on  the  main  deck,  with  six  small 
guns  on  the  upper  or  spar  deck ;  the  latter  being 
intended  for  use  as  torpedo-boat  destroyers.  Two  of 
the  18-ton  guns,  one  on  either  side  forward  and  one  on 
either  side  aft,  are  situated  behind  the  oblique  portion 
of  the  armoured  bulkheads,  and  the  ports  are  so  cut 
that  these  guns  can  command  a  cross  fire  at  the  bow 
and  stern.  The  eight  12-ton  guns  disposed  equally  on 
either  side,  are  termed  intermediate,  and  have  in  front 
of  them  the  thin  sides  of  the  ship  only.  They  are 
separated  by  a  transverse  bulkhead  or  splinter-screen 
1  inch  thick,  intended  to  cut  oft’  each  gun’s  crew  from 
the  others.  This  broadside  of  guns  is  designed  to  be 
loaded  and  laid  in  close  engagement  under  the  shelter 
of  the  bow  or  stern  armour,  and  may  be  fired  by 
electricity  without  exposing  the  crew. 

The  ram  is  a  heavy  plate,  triangular  in  shape,  set 
vertically,  and  terminating  in  a  sharp  point  about  11 
feet  in  advance  of  the  stem ;  it  is  supported  by  two 
side  plates  3  inches  thick,  which  may  be  regarded  as  a 
continuation  of  the  armoured-deck.  The  rudiler,  which 
is  massive,  is  18  feet  deep  by  11  feet  in  breadth,  and  is 
formed  by  two  thicknesses  of  teak  planking  set  in  a 
strong  iron  frame.  The  vessel  has  bilge  keels  33 
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inches  deep,  formed  of  two  plates  riveted  together  and 
extending  in  length  amidships  for  about  100  feet.  The 
outer  bottom  of  the  hull  below  the  water  -  line  is 
sheathed  with  a  3-inch  thickness  of  teak,  which  is 
covered  with  zinc.  The  seams  between  the  strakes  of 
sheathing  are  left  uncaulked.  There  are  to  be  three 
masts  fitted,  as  for  a  full-rigged  ship,  and  the  coal- 
bunker  accommodation  is  sufficient  for  a  lono;  vovage 
and  cruising  in  distant  seas.  In  time  of  war  it  is 
intended  that  only  the  lower  masts  shall  stand. 

The  novelty  ot  design  embodied  in  the  Nelson  and 
Northampton  consists  in  the  system  of  armouring.  As 
may  be  readily  seen,  the  object  aimed  at  has  been  to 
give  thicker  plates  to  vessels  of  this  class  over  the  vital 
parts,  at  the  expense  of  the  exposed  parts,  and  so  to 
increase  the  offensive  power  by  carrying  a  heavier 
weight  of  ordnance. 

The  machinery  of  the  Nelson  was  designed  and  con¬ 
structed  under  the  direction  of  Mr.  Kirk,  the  manager 
of  the  engineering  works  of  Messrs.  Elder  &  Co.  She 
is  fitted  with  twin  screws,  each  to  be  driven  by  an  in¬ 
dependent  pair  of  compound  engines,  with  vertical 
inverted  cylinders,  of  the  collective  power  of  3,000 
horses  ;  giving  an  aggregate  power  of  6,000  indicated 
horse-power  for  both  pairs  of  engines.  The  diameter 
of  the  high-pressure  cylinder  is  60  inches,  and  the 
diameter  of  the  low-pressure  cylinder  is  104  inches. 
The  length  of  the  stroke  is  3  feet  6  inches,  and  the 
number  of  revolutions  to  be  obtained  on  the  trial  75 
per  minute.  These  engines  are  constructed  entirely  of 
wrought  iron,  steel,  and  brass,  except  the  cylinders, 
cylinder  covers,  steam  and  expansion  valves.  The  two 
pairs  of  engines  are  tied  together  by  wrought-iron  braces, 
and  are  fixed  in  the  ship  directly  opposite  each  other. 
4’he  central  longitudinal  bulkhead  divides  the  two  pairs 
of  engines,  and  all  the  pipes  are  arranged  so  that,  in 
the  event  of  collision  or  other  casualty  to  the  bottom  of 
the  vessel,  either  pair  can  be  worked  sejoarately.  The 
crank-shafts  are  in  two  parts,  interchangeable,  16^ 

G 


82 


THE  VVAK-SHIPS  OF  EUEOPE. 


indies  in  diameter  in  the  bearings,  with  an  aggregate 
length  of  bearing  of  9  feet  6  inches.  The  propeller- 
shafts  are  hollow,  and  are  made  of  Whitworth’s  com¬ 
pressed  steel.  The  screw-propellers  are  to  be  18  feet 
in  diameter,  to  work  outwards,  and  of  the  Mangin  type, 
i.e.  two  2-bladed  screws  on  each  boss,  separated  from 
each  other,* 

The  boilers  are  ten  in  number,  ivith  three  furnaces 
in  each,  and  are  set  back  to  back  against  the  longi¬ 
tudinal  bulkhead,  with  the  fronts  toward  the  sides  of 
the  ship.  They  are  oval  in  shape,  12  feet  6  indies  wide 
by  14  feet  6  inches  high,  and  9  feet  5  inches  long ;  and 
are  divided  by  transverse  water-tight  bulkheads  into 
four  separate  fire  or  boiler-rooms.  The  furnaces  are 
made  in  short  lengths,  riveted  together  with  flanges 
having  distance-pieces  between  them.  Tlie  pressure 
of  steam  is  to  be  fiO  pounds  per  square  inch.  All  the 
necessary  pumps  and  equipments  described  for  other 
vessels  are  here  provided. 

The  machinery  for  the  Northampton  was  designed 
and  constructed  by  Messrs.  John  Penn  &  Son,  of 
Greenwich.  The  engines  of  this  ship  are  of  Penn’s 
new  type,  three-cylinder  vertical  inverted,  which  was 
first  adopted  in  1875  for  the  Italian  frigate  Gristoforo 
Colombo,  built  at  Venice.  The  three  cylinders  are  of 
'  equal  diameter,  54  inches,  with  a  stroke  of  39  inches: 
The  cranks  are  set  at  equal  angles,  and  the  shafts  are 
interchangeable.  When  the  sliip  is  to  be  driven  at 
full  speed,  the  engines  are  worked  as  simple  expansive 
engines,  cutting  off  the  steam  long  or  short,  as  desired  ; 
but  under  all  ordinary  conditions  of  steaming  they  are 
intended  to  be  worked  on  the  compound  system,  taking 
the  steam  first  in  the  centre  cylinder  and  expanding 
it  in  the  two  outside  cylinders ;  valves  and  connections 


*  The  Mangin  screws  have  given  satisfaction  as  fitted  to  several 
twiihscrew  vessels  iu  England  and  France  where  the  space  permitted 
sufficient  separation  ot  the  screws  on  the  shafts  f  but  as  applied  to  one 
of  the  American  siagle-screw  second-rates,  in  a  short  aperture,  it  proved, 
as  might  have  been  expected,  unsuccessful. 
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being  provided  to  effect  the  change  from  one  system 
to  the  other  when  desired.  The  only  difference 
between  the  general  design  of  these  engines  and  those 
built  for  the  Italian  government  is,  that  in  the  former 
the  cylinders  are  separate  from  each  other  and  are  tied 
together  by  wrought-iron  braces,  while  in  the  latter 
they  are  united  by  castings.  The  power  to  be  developed 
by  the  engines  of  the  Northampton  is  the  same  as 
in  the  Nelson.  The  boilers  are  almost  identical,  ten  in 
number,  of  the  elliptical  type,  with  three  furnaces  in 
each,  and  are  to  carry  a  pressure  of  60  pounds  per 
square  inch. 

The  ends  of  the  ship  are  fitted  as  coal-tanks. 

That  fine  old  ship  the  Warrior,  the  first  iron-armoared 
ship  built  in  England,  has  lately  been  lying  at  Ports¬ 
mouth.  It  is  worthy  of  note  that  while  the  first  pro¬ 
ductions  of  all  nations,  of  wooden  ships  clad  in  armour, 
have  gone  to  decay,  the  iron  hull  of  the  Warrior,  now 
sixteen  years  old,  presents  no  sign  of  deterioration, 
but  is  to  all  appearances  as  sound  and  durable  as  when 
set  afloat  in  1860 ;  and  although  large  expenditures  for 
repairs  have  been  made  upon  the  vessel  and  her 
machinery,  the  hull  proper  has  required  no  expenditure 
beyond  that  necessary  for  cleaning  and  painting.  The 
description,  dimensions,  and  performances  of  this  ship 
were  described  in  various  publications  many  years  ago. 
In  consequence  of  her  great  length,  380  feet,  unhandi¬ 
ness,  and  armour  of  only  4|-  inches  in  thickness,  she  is 
no  longer  regarded  as  suitable  for  action  in  great  naval 
battles,  but  her  success  as  to  speed  at  so  early  a  day  in 
the  race  for  naval  supremacy  still  seems  to  deserve 
attention.  In  1874,  a  new  set  of  boilers,  made  at 
Portsmouth  dock-yard,  were  fitted  on  board.  They 
are  of  the  old  box  type,  fitted  with  superheaters, 
and  the  usual  appliances.  The  cylinders  were  rebored, 
the  slide-faces  and  ports  strengthened  and  braced,  and 
the  expansion-valves  altered  to  give  an  earlier  cut-off. 

The  grate-area  of  the  boilers  is  780  square  I’eet,  and 
Ihe  heating  surface  19,906  square  feet. 
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After  these  repairs  the  ship  was  put  on  trial  at  the 
measured  mile,  to  test  the  machinery  and  speed,  against 
the  runs  made  oyer  the  same  ground  thirteen  years 
previously. 

The  following  is  a  comparison  of  the  trials  at  full 
power  on  three  various  occasions  : — 


October,  1861. 

April,  1868. 

May,  1874. 

Pressure  of  steam  in  boilers  . 

22 

21-6 

21-5 

Revolutions . 

54-25 

53-14 

56 

Indicated  horse-power . 

5,4'71 

5,270 

4,811 

Speed,  in  knots  . 

14-354 

14-079 

14-158 

Pitch  of  screw  . 

30  feet. 

30  feet. 

27  feet  8i  ins. 

Immersion  of  screw  . 

11  inches. 

27  inches. 

13  inches. 

Ship  by  the  stern  . 

11  inches. 

23  inches. 

5  inches. 

One  curious  result  noted  is  that  the  same  speed  was 
obtained  on  the  last  trial  as  upon  the  trials  made  many 
years  previously,  although  less  horse-power  was  being 
exerted. 

The  Waterivitch  was  built  as  an  experimental  vessel, 
to  test  the  Euthven  system  of  propulsion  by  a  turbine 
wheel,  or  what  is  known  as  the  water-jet  engine.  She 
is  built  of  iron;  is  162  feet  long,  32  feet  broad,  13  feet 
9  inches  deep;  has  a  load-displacement  of  1,279  tons, 
and  an  indicated  horse-power  on  the  measured  mile 
of  777.  She  has  an  excessively  flat  floor,  is  double 
ended,  and  fitted  with  a  rudder  at  each  extremity.  An 
armour-belt  4^  inches  thick  at  the  water-line  extends 
round  the  hull,  which  rises  at  the  middle  of  her  length 
into  a  casemate  rendered  complete  by  athwartship 
bulkheads.  The  propelling  instrument  consists  of  a 
turbine  wheel,  or  centrifugal  pump,  14  feet  6  inches  in 
diameter,  made  of  wrouglit  and  cast  iron.  This  wheel 
revolves  in  a  chamber  19  feet  in  diameter,  in  the 
centre  of  the  hull,  below  the  water-line ;  and  the 
chamber  is  bored  to  a  smooth  surface  inside,  in  order 
to  reduce  hydraulic  friction  to  a  minimum.  The 
turbine  has  12  radial  blades  or  vanes,'and  weighs  about 
8  tons ;  it  is  put  in  motion  by  a  set  of  three  engines. 
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arranged  at  angles  of  120  degrees,  the  connecting-rods 
taking  hold  directly  of  a  single  crank  rising  vertically 
above  the  wheel-casing ;  an  application  similar  to  the 
one  by  which  the  engines  of  the  old  Union  and  the 
Alleghany  were  connected  to  the  once  well-known 
Hunter  wheels.*  The  engine  cylinders  are  88^  inches 
in  diameter  and  the  stroke  of  pistons  3  feet  6  inches, 
and  they  are  supplied  by  steam  from  two  ordinary 
box-boilers  having  six  furnaces. 

The  wheel  receives  the  water  from  a  rectangular 
box,  or  tank,  resting  on  the  keelsons  of  the  ship,  and 
placed  in  free  communication  with  the  sea  by  means  of 
a  large  number  of  rectangular  orifices  in  the  bottom. 
From  the  wheel-casing  perimeter  at  opposite  sides,  two 
copper  pipes  about  27  inches  by  25  inches  internally, 
lead  to  the  discharge-nozzles  at  the  ship’s  side.  These 
are  24  inches  by  18  inches,  and  extend  about  8  feet 
along  the  side  of  the  hull  just  above  the  water-line,  so 
that  the  engines  have  to  raise  the  water  through  a  very 
small  height.  A  sluice-valve  is  arranged  at  each  side 
in  such  a  manner  that  the  current  from  the  turbine 
may  be  directed  ahead  or  astern  at  pleasure  by  simply 
moving  a  lever,  the  engines  revolving  always  in  one 
direction.  The  water  taken  in  through  the  bottom  of 
the  ship  is  expelled  at  both  sides  in  the  line  of  the 
keel,  and  the  reaction  of  the  fluid  issuing  at  high  speed 
imparts  forward  motion  to  the  hull.  The  movement  of 
the  vessel  ahead  or  astern  is  regulated  by  the  direction 
of  the  escape  of  the  water.  If  the  water  escapes  aft, 
the  movement  will  be  ahead ;  if  it  escapes  toward  the 
bow,  it  will  be  astern. 

The  idea  is  exceedingly  simple  and  very  old.  As 

*  As  early  as  1782,  James  Eumsey  made  a  public  experiment  on  the 
Potomac  with  a  boat  eighty  feet  long,  propelled  by  a  steam-engine 
working  a  vertical  pump  in  the  middle  of  the  vessel,  by  which  the 
water  was  drawn  in  at  the  bow  and  expelled  through  a  horizontal  tube 
at  the  stern  ;  she  went  at  the  rate  of  four  miles  per  hour.  Benjamin 
Franklin  and  Oliver  Evans  suggested  substantially  the  same  mode  of 
propulsion.  Subsequently  various  applications  of  the  principle  were 
tried  in  the  United  States  without  success. 
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far  back  as  1661,  Toogood  received  a  patent  for  propel¬ 
ling  vessels  by  expelling  water  from  their  sterns.  In 
1730,  Allen  secured  a  patent  for  doing  nearly  the  same 
thing ;  and  the  proposal  was  also  made  by  Bernouilli 
eight  years  after.  Indeed,  the  extreme  simplicity  of 
the  system  appears  to  have  attracted  many  inventors, 
for  down  to  the  year  1857  it  appears  that  upwards  of 
fifty  persons  had  either  proposed  or  patented  it  in 
Europe,  and  many  experiments  had  been  tried  from 
time  to  time.  None  of  them,  however,  received  much 
encouragement  until  Mr.  Euthven  entered  the  field,  and 
the  success,  such  as  it  has  been,  which  attended  his 
exertions,  seems  to  have  been  mainly  due  to  his 
adoption  of  the  centrifugal  pump,  with  equable  and 
enormous  delivery,  instead  of  the  ordinary  piston- 
pump  commonly  adopted  by  other  inventors. 

Ruthven’s  first  patent  is  dated  in  lb39.  Under  this, 
two  small  boats  were  built  and  exhibited  on  a  canal 
at  Edinburgh.  In  1849,  another  boat  was  built  and 
exhibited  on  the  Thames.  In  1853,  the  Albert  was 
built  on  this  principle  in  Prussia  by  Mr.  Sydel,  the 
engines  and  pump  being  furnished  by  the  patentee. 
In  1865,  the  Nautilus  was  built  in  England,  embodying 
all  Mr.  Euthven’s  improvements  up  to  that  date.  With 
this  little  vessel,  several  experiments  were  made  in 
the  presence  of  the  Admiralty  authorities,  the  results 
of  which  betrayed  them  into  the  construction  of  the 
Waterwiteh. 

In  consequence  of  the  convenience  of  directing  a 
vessel  ahead  or  astern  by  the  simple  movement  of  a 
lever  from  the  deck,  this  system  of  propulsion  has  been 
very  fascinating  to  many  officers  ;  but  unfortunately 
for  this  instrument  of  propulsion  in  common  with  the 
Hunter  wheel,  the  Eowler  wheel,*  and  all  such  sub- 

*  Fowler’s  steeriDg-propeller  is  a  submerged  wheel  revolving  on  a 
vertical  shaft,  with  paddles  which  are  feathered  by  an  eccentric  cam 
in  such  a  manner  tliat  the  paddles  shall  have  a  pushing  and  drawing 
action  on  the  water  while  passing  through  the  propelling  arc,  and 
present  only  their  edges  to  the  water  while  passing  the  dead  points. 
By  turning  the  cam-wheel,  which  is  done  at  the  wheel  on  deck  by  a 


THE  BRITISH  NAVY. 


87 


merged  water-wheels  in  steam- vessels,  an  extraordinary 
power  must  be  developed  by  the  engines  to  obtain  a 
small  result ;  or,  in  other  words,  only  a  small  amount 
of  the  power  developed  is  utilised. 

At  the  trial  of  the  Waterwitcli,  a  vessel  of  oulv 
1,279  tons  displacement,  of  light  draught  and  good 
lines,  a  power  of  775  horses  was  developed  with  an 
average  speed  of  knots  per  hour. 

Additional  alterations  and  experiments  w^ere  made 
in  1876  with  a  view  to  obtaining  better  results. 
These  alterations  consist  in  superseding  the  110  small 
apertures  through  which  the  water  is  admitted,  by  one 
large  aperture  under  the  wheel,  and  in  the  bottom  of 
the  ship ;  and  in  lengthening  the  nozzles  at  the  sides, 
through  which  the  water  makes  its  escape.  The 
results  obtained  after  these  alterations  were  nearly 
the  same  as  in  previous  trials.  The  speed  of  the 
j  vessel  at  sea  has  never  exceeded  5  or  6  knots,  and 
although  ten  years  old,  she  has  never  been  trusted  out 
of  sight  of  land.  As  she  is  neither  fit  for  coast- 
defence  nor  harbour-service,  it  is  believed  that  the  next 
step  will  be  to  break  her  up ;  and  thus  will  end  the 
experiment  of  propielling  vessels  by  means  of  turbine 
wheels. 

Of  the  twelve  coast-defence  vessels  that  have  been 
named,  the  Glatton  is  the  most  powerful.  She  is 
an  iron  double-screw  turret-ship  of  4,912  tons  dis¬ 
placement.  Her  length  is  245  feet ;  breadth,  54  feet ; 
and  draught  of  water,  19  feet.  • 

The  maximum  horse-power  is  2,868,  and  maximum 


simple  connection,  the  feathering  is  done  at  different  points,  and  the 
vessel  may  be  backed  or  turned  on  her  centre  without  reversing  the 
engines. 

A  propeller-wheel  of  this  kind  was  applied  to  a  revenue-cutter  on 
Lake  Erie  in  1872,  but  after  the  first  trial  it  was  condemned,  and  was 
removed  from  the  vessel  with  the  machinery  for  working  it. 

Hunter’s  steering-propeller,  patented  in  1871,  is  similar  to  the 
Fowler  wheel  in  some  respects.  It  has  two  wheels  on  opposite  sides 
of  the  stern-post,  revolving  in  opposite  directions.  The  blades  ai'e 
feathered  so  as  to  have  but  one  dead  point. 
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speed  12  knots.  The  hull  is  double-bottomed,  and 
divided  into  water-tight  compartments  in  the  usual 
manner. 

The  armour  of  the  hull  proper  consists  of  two 
strakes ;  the  upper  one  above  water  being  12  inches 
thick,  and  the  lower  one  below  water  10  inches  thick. 
The  former  has  a  teak  backing  of  18  inches,  and  the 
latter  of  20  inches. 

The  breast-work,  which  rises  6  feet  3  inches  above 
the  upper  deck,  is  armoured  with  plates  12  inches 
thick,  and  a  teak  backing  of  18  inches.  The  deck 
extending  on  either  side  of  the  breastwork  consists  of 
1-inch  plates  covered  by  2-inch  plates,  and  6  inches  of 
oak  planking.  The  turret,  which  rises  out  of  the 
centre  above  the  breastwork,  is  30  feet  6  inches 
in  external  diameter,  and  there  is  a  space  of  6  inches 
between  it  and  the  surrounding  glacis-belt. 

The  general  thickness  of  the  turret-armour  is  12 
inches,  with  15  inches  of  teak  backing. 

All  of  the  coast-defence  vessels  are  engined  upon 
the  old  system,  the  Cyclops  and  Hydra  excepted,  the 
engines  of  which  were  the  first  examples  of  the  com¬ 
pound  type  introduced  into  armoured  ships.  Each 
vessel  has  a  pair  of  vertical  inverted  cylinders  to  each 
of  the  two  screws. 

The  boilers  are  cylindrical,  and  the  pressure  of  steam 
60  pounds  per  square  inch. 


CHAPTER  IX. 

THE  BRITISH  NAVY.— UNARMOURED  SHIPS. 

It  has  been  already  pointed  out  that  all  the  old  types 
of  British  naval  vessels  are  gradually  disappearing  from 
the  Navy  List  for  fighting  or  cruising  purposes,  and 
that  sailing  craft,  paddle-wheel  vessels,  and  auxiliary 
or  low-speed  screw-vessels  have  alike  become  obsolete. 
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Wooden  vessels  of  all  classes  are  doomed,  and  at  no 
distant  day  will  be  counted  out,  or  relegated  to  harbour- 
service.  The  modern  cruising  fleet  consists  of  full- 
powered  screw-ships,  with  iron  hulls  cased  in  wood, 
and  vessels  of  the  smaller  classes  called  composite,  in 
which  the  materials  are  either  iron  or  steel,  except  the 
outside  planking,  which  is  formed  of  two  thicknesses 
of  wood. 

The  corvettes  Samphire  and  Diamond,  built  in  1874, 
were  the  last  wooden  war-vessels  that  will  probably  ever 
be  added  to  the  British  navy,  for  it  has  been  authorita¬ 
tively  stated  that  no  more  wood  frames,  knees,  or 
beams  will  be  required  at  the  dock-yards. 

Tlie  British  modern  unarmoured  cruising  fleet  may  be 
divided  into  seven  or  eight  classes  or  types.  The 
frigates  and  corvettes  of  this  new  fleet,  some  being 
already  constructed,  and  others  in  process  of  build¬ 
ing,  are  as  follows : — Iron  frigates.  Inconstant,  Shah, 
and  Raleigh ;  iron  corvettes,  Boadicea,  Bacchante, 
Eurgalus,  Bover,  Volage,  and  Active ;  six  steel  and 
iron  vessels  of  the  Gomus  class ;  the  steel  vessels  Iris 
and  Mercury,  and  the  composite  corvettes  of  the  Opal 
and  smaller  classes. 

The  six  unarmoured  corvettes,  known  as  the 
Gomus  class,  are  being  built  by  Messrs.  John  Elder  & 
Co.,  of  Glasgow.  They  have  an  armoured  deck  3 
feet  below  the  water,  and  a  ram,  and  are  fitted 
for  using  the  Whitehead  torpedo.  Their  speed  is  to 
be  13  knots  per  hour. 

The  first  essential  element  of  power  in  an  un¬ 
armoured  cruising  man-of-war  of  the  present  day  is 
speed,  which  should  be  sufficient  to  enable  her  to 
overtake  or  escape  from  any  vessel  on  the  ocean  as 
circumstances  may  require. 

The  above-named  vessels  constitute  the  present 
fleet  of  fast  unarmoured  cruising  ships  of  the  British 
navy.  The  hulls  of  those  larger  than  the  Opal,  are  of 
iron  and  steel,  and  are  built  with  improved  structural 
arrangements  for  securing  great  strength  to  with- 
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stand  the  application  of  the  immense  engine-power  put 
into  them,  and  to  endure  it  for  any  required  length 
of  time.  The  bottoms  are  sheatlied  with  wood,  and 
coppered  or  zinced  to  prevent  fouling.  They  carry  a 
large  spread  of  canvas,  are  provided  with  lifting  screw- 
propellers,  and  are  in  all  respects  fitted  for  keeping  the 
sea.  They  have  not  the  very  highest  speed  now  aimed 
at  by  the  naval  authorities,  i.e.,  such  as  will  he  attained 
in  the  class  of  vessels  called  rapid  cruisers,  in  which 
facilities  for  keeping  the  sea  fur  lengthened  periods 
have  had  to  be  sacrificed  for  the  sake  of  high  speed  ; 
but  they  are  faster  than  the  cruising  ships  of  any  other 
navy ;  besides  which  they  are  reputed  to  be  excellent 
sea-boats,  and  fast  under  sail,  and  they  are  armed  with 
rifled  guns,  some  of  which  are  of  heavy  calibre. 

The  Inconstant  is  probably  the  only  one  of  the 
number  that  has  been  driven  under  full  steam-power 
alone  for  upwards  of  twenty-four  consecutive  hours.  This 
was  when  carrying  the  news  of  the  loss  of  the  unfortunate 
Captain  from  Cape  Finisterre  to  England  on  the  7th  of 
ISeptember,  1870.  On  this  occasion  a  speed  of  ver}'- 
nearly  14  knots  per  hour  wars  averaged  over  the  wdiole 
distance.*  It  is  lair  to  conclude  that  the  maximum 
speed  of  any  one  of  these  ships  at  sea,  in  smooth 
water,  for  a  period  of  say  twenty-four  hours,  would  be 
1^  knot  less  than  was  recorded  on  the  measured-mile 
trials. 

Every  officer  familiar  with  the  progress  and  advance¬ 
ment  of  naval  science  in  late  years  is  acquainted  with 
the  fact  that  wdien  the  Wam])anoag  and  the  other  vessels 
of  her  class  were  under  construction  at  New  York  and 
Boston,  reports  went  abroad  of  the  extraordinary  speed 
and  terrible  power  they  were  intended  to  possess,  and  of 
the  fearful  destruction  which  would  follow  their  path. 
These  reports,  published  in  American  journals,  and 
commented  on  in  the  London  papers,  alarmed  the 
British  Grovernment ;  and  as  a  consecpience  the  Chief 

*(lt  lias  been  understood  that  the  Inoonstant’s  sjDeed  on  tliis  occasion 
was  nearly  loj  knots.  (Ed.)  *■ 
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Constructor  of  the  Navy  was  directed,  as  early  as 
1866,  before  the  Wamj^anoag  was  completed,  or  her 
defects  known  in  Europe,  to  pre[)are  the  plans  for  com¬ 
peting  vessels.  Thus  originated  the  Inconstant.  She 
was  designed  for  full-sail  power,  and  provided  with  a 
lifting-sciew ;  and  to  give  sufficient  scope  for  the  com¬ 
bination  of  high  speed  with  what  was  then  a  heavy 
armament,  good  sea-going  qualities,  a  large  carrying 
capacity,  and  provision  for  all  other  requirements, 
she  was  made  833  feet  long,  50  feet  beam,  and  to 
have  a  displacement  of  5,782  tons  with  23  feet  mean 
draught  of  water.  Iron  sheathed  with  wood,  and 
coppered,  was  the  material  chosen  for  the  bottom  and 
i’or  taking  the  immense  strain  of  the  power  to  be  deve¬ 
loped  by  the  engines.*  She  was  launched  on  the  12th 

*  In  a  paper  by  Mr.  John  Vernon,  on  the  construction  of  ir<in  ships, 
Tram.  I.  M.  M,  it  is  stated :  “  Tlie  main  points  of  superiority  of  iron 
ship^s  over  those  built  of  wood  consist  in  tlie  superior  strength,  greater 
durability,  and  consequently  less  cost  of  ii'on  ships,  together  with  their 
larger  currying  capability  and  greater  facility  of  construction.” 

The  greater  strength  of  iron  ships  is  shown  in  daily  practice  in 
numerous  ways,  and  it  is  also  shown  by  the  fact  that  in  many  modern 
wooden  ships  it  has  been  found  necessary  to  introduce  diagonal  iron 
straps  inside  the  framing,  and  in  many  cases  iron  bulk-heads,  knees, 
beams,  and  stringers,  and  even  iron  frame-work  itself  for  the  whole 
structure;  but  this  arrangement,  it  is  admitted,  fulls  far  short  in  point 
of  strength  of  a  vessel  built  entirely  of  iron.  Again,  the  introduction 
of  iron  affords  great  facility  for-  obtaining  the  necessary  strength  in 
keels,  stems,  stern  posts,  and  other  parts,  by  the  ajrplication  of  large 
forgings. 

The  greater  comparative  durability  of  iron  arises  mainly  from  its 
freedom  from  the  decay  to  which  wood  is  always  liable,  in  consequence 
of  being  unavoidably  subject  to  constant  and  extreme  variations  of 
temperature  and  moisture.  Another  important  source  of  greater 
durability  is  to  be  found  in  the  firm  and  substantial  union  of  the 
several  parts  of  an  iron  ship  by  means  of  riveting,  which  effectually 
ju'events  that  working  under  heavy  strains  to  which  all  wood  shijrs  are 
more  or  less  liable,  and  which  is  a  source  of  great  difficulty  with  the 
engines,  causing  the  screw-shafts  to  be  forced  out  of  line,  and  thereby 
strained. 

Abundant  proof  of  these  facts  may  be  found  in  the  records  of  the 
United  States  Navy  Department,  showing  the  enormous  cost  of  repairs 
to  the  wooden  vessels  of  the  navy  and  their  machinery ;  also  in  the 
yearly  sale  or  breaking  up  of  vessels  consequent  upon  decayed  timber. 
Some  vessels  have  been  found  so  deteriorated  after  their  first  cruise  as  to 
be  unfit  for  further  service,  and  the  repairs  to  others  have  in  some  cases 
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of  November,  1868,  and  her  trial  cruises  were  made 
upwards  of  a  year  after.  Subsequently  a  sister-ship,  the 
Shah,  was  constructed,  and  was  launched  in  1873.  These 
two  ships  represent  the  largest  class  of  unarmoured 
frigates,  and  are  in  all  essential  features  of  construc¬ 
tion  the  same.  The  latter  has,  however,  an  increased 
length  of  20  inches  over  the  former,  and,  in  order  to 
give  greater  stability  than  in  the  Inconstant,  an  increase 
of  beam  to  52  feet  was  given. 

The  armament  of  the  Inconstant  and  Shah  is  as  fol¬ 
lows  : — 


Ships. 

Main  Deck. 

Upper  Deck. 

Pivot-guns. 

Broadside. 

Inconstant  . 

Shah  . 

10  12|-ton. 
/16  6^-ton.  \ 
\  2  64-pdrs.  / 

2  6  3 -ton. 

2  18-ton. 

I  6J-ton. 

6  64:-pdrs. 

The  particulars  of  the  Shah's  guns  are  taken  from  a 
paper  published  by  the  Committee  on  Designs.  Several 
alterations,  tending  to  greater  efficiency,  have  been 
made,  and  one — the  substitution  of  18  for  12-ton  pivot 
guns — is  shown  in  the  above  table. 

The  bow-guns  fire  on  a  line  with  the  keel.  The  18- 
ton  10-inch  guns  mounted  on  the  Shah  are  similar  to 
the  broadside  guns  of  the  Sultan  and  Hercules. 

The  Baleigh,  also  launched  in  1873,  is  a  ship  of  the 
same  general  design  and  construction,  but  of  reduced 
dimensions.  Her  cost  of  construction  was  £37,038 


after  one  cruise  exceeded  £16, .'500  for  the  hull  of  a  single  ship,  while 
many  having  been  several  years  on  the  stocks  have  rotted  before  being 
launched. 

It  is  fair  to  assume  that  the  difference  between  the  cost  of  the  repairs 
of  the  entire  American  fleet  and  one  of  the  same  number  and  dimen¬ 
sions  of  vessels  having  iron  hulls  cased  in  wood,  would  be  sufficient  to 
add  to  the  Navy  yearly  at  least  one  good-sized  ci'uising-vessel. 
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less  than  that  of  the  Shah,  and  £19,948  less  than  that 
of  the  Inconstant.  Although  the  Baleigh  is  not  pos¬ 
sessed  of  as  powerful  a  battery  as  the  larger  ships, 
she  is  far  more  serviceable,  more  easily  handled,  and 
less  costly  to  maintain.  The  comparison  between  the 
Baleigh  and  the  Inconstant  stands  thus  :  — 


Inconstant. 

Dimensions. 

Baleigh. 

As  designed. 

As 

completed. 

Tonnage . 

Displacement  . 

Length  between  perpen-i 

diculars  . J 

Breadth,  extreme . 

Ti  Vi  f  forward  . 

Draught  . 

TT  f  nominal 

Horse-power  | 

(  Upper  deck . 

Guns  1 

(  Main  deck  . 

3,210 

5,200 

298  feet. 

49  feet. 

20  feet. 

23  feet. 

800 

5,639 

/  2  121-ton.  \ 
\  4  64-pdrs.  / 
J14  90-cwt.  \ 
\  2  64-pdrs.  / 

3,978 

5,495 

333  feet. 

50  feet  1  inch. 
22  feet. 

24  feet. 

1,000 

7,361 

4  6pton. 

10  12J-ton. 

4,066 

.5,782 

These  ships,  as  previously  stated,  are  built  of  iron  ; 
externally  they  are  entirely  sheathed  with  wood,  the 
chief  object  of  which  is  to  admit  of  copper  being 
applied  to  the  bottom.  There  are  two  thicknesses  of 
wood-sheathing,  except  over  parts  of  the  top-sides, 
where  there  is  one  thickness  only;  the  first  being 
secured  to  the  skin  of  the  ship  by  galvanized-iron 
screw-bolts,  which  are  tapped  into  it,  and  are  also  fitted 
with  lock-nuts  on  the  inside.  The  bolts  are  of  course 
screw^ed  in  through  holes  prepared  in  the  wood,  as  the 
holes  become  unduly  enlarged  and  give  rise  to  leakage 
if  they  are  not  bored  perfectly  true.  The  second 
layer  of  planking  is  secured  to  the  first  by  metal  wood- 
screws,  which  stop  short  of  the  iron  skin  and  avoid 
contact  with  the  galvanized-iron  bolts.  The  two  thick- 
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nesses  break  joint,  and  are  carefully  put  on  the  iron 
of  skin  ;  the  planks  being  properly  painted  and  their 
joints  made  tight  by  caulking.  The  thickness  as  a 
rule  is  3  inches  for  the  first  thi(drness,  nnd  2^  inches 
for  the  second,  tapering  as  the  top  is  approached.  This 
system  has  been  tested  for  some  years  on  the  Inconstant, 
and  has  proved  to  be  so  successful  that  the  adoption 
of  wood  sheathing  covered  with  copper  or  zinc  for  naval 
iron  cruising  vessels,  both  of  English  and  Continental 
build,  has  become  general.  It  may  be  well  to  mention 
that  the  thicknesses  of  planks  are  both  applied  hori¬ 
zontally,  except  in  the  Shah,  where  one  is  vertical 
and  the  other  horizontal.* 

The  propelling  steam-machinery  of  all  these  ships 
was  designed  and  contracted  for  prior  to  the  adoption 
of  the  compound  engine  by  the  Admiralty.  They  are, 
therefore,  of  the  old  type,  and  the  consumption  of 
fuel  in  each  of  them  is  upwards  of  30  per  cent,  greater 
than  in  the  ships  of  more  recent  construction.  More¬ 
over,  the  anticipated  speeds  have  not  been  realised.t 

A  brief  description  of  the  machinery  of  the  Raleigh 
and  of  her  trials  may  not  be  out  of  place.  The 
engines,  constructed  by  Humphreys,  Tennant  &  Co., 
are  of  the  horizontal,  direct-acting,  return-connecting- 
rod  type,  and  were  intended  to  indicate  6,000  horse¬ 
power.  Their  dimensions  are  as  follows  : — 


Number  of  cylinders  . . .  2 

Diameter  of  cylinders .  8  feet  4  inches. 

Stroke  .  4  feet  6  inches. 

Diameter  of  piston-rods,  4  to  each  piston  7  inches. 

Diameter  of  back  trunk,  1  to  each  piston  1  foot  6  inches. 
Travel  of  slide-valves  (vertical,  double- 

ported)  .  lOj  inches. 

Depth  of  valve .  5  feet  10  inches. 

Width  of  valve .  5  feet  1 J-  inches. 

Depth  of  ports . . .  5  feet  2  7-16  inches. 

Depth  of  bars  in  extreme  ports,  2  in  each  2  indies. 

Depth  of  bars  in  other  ports,  2  in  each  1  inch. 


It  is  the  Incoftsiamt,  the  first  built  of  the  type  in  which  one  thick¬ 
ness  of  sheathing  is  worked  vertically  and  ihejother  horizontally.  In 
the  other  both  thicknesses  are  horizontal.  (Ed.) 

t  Mr.  King  appears  to  have  been  misinformed  upon  this  point.  The 
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The  expansion-valves  are  horizontal  and  of  the  grid¬ 
iron  type,  placed  above  the  slide-casing,  and  worked 
from  rocking- shafts  by  means  of  eccentrics  on  the 
main  shaft.  Tlie  cut-off  ranges  from  3^  inches  of  the 
stroke  onwards,  and  is  varied  by  moving  the  end  of  the 
eccentric-rod  along  a  quadrant  arm  on  the  rocking- 
shaft.  There  is  one  snrface-condenser  to  each  cylinder. 
The  air-pumps  are  25^  inches  in  diameter,  double¬ 
acting,  and  worked  direct  from  the  pistons.  The 
circulating-pumps  are  centrifugal,  and  driven  by 
separate  engines  with  12-inch  cylinders  having  a  12- 
inch  stroke,  and  exhausting  into  the  condensers ;  the 
water  being  forced  through  the  condensers  outside  the 
tubes.  The  condenser-tubes  are  vertical,  and  there 
are  6,740  in  each  condenser.  Their  dimensions  are  as 
follows : — 


Diameter  inside  .  J  inch. 

Diameter  outside .  |  inch. 

Length  between  tube-plates .  6  feet  6j  inches. 

Cooling  surface .  12,000  square  feet. 


The  starting-gear  can  be  worked  by  hand  or  steam. 
A  Silver’s  governor  is  fitted.  The  propeller  is  by 
Hirsch,  two-bladed,  of  26  feet  8  inches  pitch,  and  is 
fitted  for  being  raised  when  the  ship  is  under  sail 
alone,*  The  number  of  boilers  is  nine  ;  but  two  of 


speed  the  Incomtant  was  designed  to  have  over  the  measured  mile 
was  16  knots,  and  tiie  actual  speed  16‘.o2.  The  Shah  was  designed  for 
16  to  IG5  knots,  and  made  16‘65  ;  and  the  Baleigh  was  designed  for  15 
to  15^  knots,  and  made  15^  (Ed.) 

*  The  screw-propeller  invented  by  Hermann  Hirsch,  of  Paris,  pa¬ 
tented  in  France,  December  10, 1865,  and  in  the  United  States,  April  26, 
1870,  has  been  snccessfnlly  applied  to  many  ships  in  Europe.  The 
claims  set  forth  in  his  letters  patent  are :  1st.  “  Constructing  screw- 
propellers  with  blades  the  faces  of  which  are  formed  of  concave  lines  in 
cross-section,  in  combination  with  an  increasing  iritch  or  helicoidal 
inclination  from  the  axis  to  the  circumference.  2nd.  In  combination 
wdth  said  trausvei'se  curvature  and  graduated  helical  form,  the  recession 
of  the  forward  terminal  edges  of  the  blades  ” 

A  two-bladed  screw,  made  from  the  drawings  of  Mr.  Hirsch,  was 
applied  to  an  American  second-rate  in  1872,  but  after  a  trial  at  sea  in 
rough  weather  it  was  reported  on  unfavourably,  and  removed  from  the 
vessel. 


Trials  of  Her  Majesty’s  Ship  “  Raleigh.’ 
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them  are  small  and  intended  for  anxiliaiy  purposes, 
and  are  together  equal  to  one  of  the  large  ones.  The 
chief  data  relative  to  the  boilers  are  as  follows  : — 


Number  of  chimtieys . 

Number  of  furnaces  . 

Length  of  fire-grate  . 

Breadth  . 

Area  of  fire-grate  . 

Number  of  tubes . 

Length  between  tube-plates . 

Diameter  of  tubes  outside  . . 

Tube-heating  surface . 

Number  of  superheaters  (steam  passing 

through  the  tubes) . 

Number  of  tubes . 

Diameter  of  tubes,  inside  . 

Length  of  tubes . 

Superheating-tube  surface . 


2 

32 

6  feet  10  inches. 
3  feet  3J  inches. 
720  square  feet. 

2,880 
6  feet  4  inches. 
3  inches. 
14,300  square  feet, 

2 

248 
2  inches. 
9  feet. 
1,170  square  feet. 


The  boilers  are  of  the  ordinary  box  kind,  and  carry 
30  pounds  pressure  on  the  square  inch.  The  dimen¬ 
sions  quoted  above  give  the  following  relative  areas 
per  indicated  horse-power : — 

Square  feet. 


Grate  surface  .  0’117 

Tube-heating  surface  . .  2 '32 

Superheating-tube  surface .  0‘19 

Condenser-tube  cooling  surface . . .  1'95 


The  Inconstant  has  had  considerable  service  ;  the 
Baleigli  made  a  cruise  to  India  and  has  returned  ;  but 
the  Shah  is  now  serving  her  first  commission  on  the 
South  Pacific  station. 

It  is  now  freely  admitted  by  the  authorities  that 
both  the  Inconstant  and  the  Shah  are  undesirable 
ships.  They  were  too  costly  to  build,  are  too 
costly  to  maintain,  and  too  unwieldy  to  handle.*  It  is 


*  We  have  never  seen  any  reason'for  believing  that  this  is  a  correct 
statement  of  the  estimation  in  which  these  ships  are  held  by  our 
Admiralty.  The  placing  of  Ihe  Shah  on  the  South  Pacific  station  is 
a  proof  that  their  qualities  are  highly  estimated ;  while  the  action 
between  the  Shah  and  tlie  Peruvian  ironclad  Huascar  showed  that, 
instead  of  the  Shah  being  too  unwieldy  to  handle,  as  Mr.  King  says, 
she  was  manceuvred  with  such  ability  and  success  as  to  avoid  being 
struck  by  the  enemy.  The  power  of  the  Shah,  which  might  have  been 
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said  by  Mr.  Brassey,  M.P.,  that  “The  designers  of 
these  vessels  were  betrayed  into  an  exaggeration  of 
size  from  over-anxiety  to  combine  in  a  single  ship 
every  quality  with  which  an  unarmoured  vessel  can 
possibly  be  endowed.  They  were  to  possess  unrivalled 
speed,  both  under  steam  and  under  sail,  and  to  be 
armed  with  such  batteries  of  armour-piercing  guns  that 
it  was  hoped  engagements  might  be  fought  even 
against  armoured  ships  with  some  prospect  of  success. 
The  attempt  was  ambitious  and  not  altogether  un¬ 
successful,  but  they  are  now  found  to  be  too  expensive 
for  mere  protection  of  commerce,  and  their  guns  would 
be  useless  against  armoured  ships  of  the  present  day.” 
“  A  perfect  ship  of  war,”  as  it  was  very  prudently 
observed  by  the  Admiralty  Committee  on  Designs,  “  is 
a  desideratum  which  has  never  yet  been  obtained  ;  any 
near  approach  to  perfection  in  one  direction  inevitably 
brings  with  it  disadvantages  in  the  other.” 

We  now  come  to  more  recent  ships,  the  Boadicea, 
Bacchante,  Euryalus,  and  Rover.  These  vessels  are 
of  smaller  dimensions  than  the  Raleigh ;  they  are 
engined  on  the  new  system  with  three-cylinder 
compound  engines,  and  promise,  with  modifications 
which  experience  may  prove  desirable,  to  represent 
permanent  types  of  ships.  They  are  all  rated  as 
corvettes,  although  the  main  batteries  of  the  first  three 
named  are  carried  under  covered  decks. 


Diado  mucli  greater  by  the  introduction  of  the  heavier  armament  she  is 
able  to  carry,  combined  with  her  handiiioss,  was  sufficient  to  enable 
her  to  come  successfully  out  of  a  contest  with  an  unquestionably  handy 
vessel  protected  by  armour  plating.  It  shoubl  be  remembered,  how¬ 
ever,  that,  as  Mr.  King  has  said,  these  ships  were  built  to  compete 
with  the  American  Wampanoag  class,  about  which  some  alarm  was 
felt  in  this  country  while  they  were  being  built ;  and  that  in  this  com¬ 
petition  the  English  ships  have  been  successful.  There  have  been  no 
threats  expressed,  since  the  building  of  the  English  ships,  of  sweeping 
our  commerce  off  the  seas,  in  the  event  of  war,  by  fast  American 
cruisers.  This  is  a  complete  justification  of  the  Inconstant  and  Shah, 
if  any  were  required. 

Mr.  Brassey’s  critiiism  was  obviously  baSied  upon  an  imperfect 
apprectiation  of  the  objects  with  which  these  ships  were  first  designed, 
and  of  the  manner  in  which  they  have  been  realised.  (Ed.) 
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Tlip  Boadicea  has  95  tons  more  displacement  than 
the  Bacchante  or  Euryalus  ;  she  has  a  brass  stem,  and 
her  bottom  is  sheathed  with  two  thicknesses  of  plank 
and  coppered.  The  other  two  ships  are  built  to  utilise 
the  power  of  the  ram,  and  with  this  object  are  formed 
with  upright  bows  and  iron  stems,  and  are  sheathed 
with  only  one  thickness  of  plank,  which  is  covered 
with  zinc  instead  of  copper. 

When  such  vessels  are  fitted  for  ramming,  it  not 
only  becomes  necessary  to  make  the  stems  of  iron  or 
steel,  but  also  to  build  them  of  additional  strength, 
and  to  avoid  having  coppered  bottoms,  for  the  reason 
that  any  damage  to  the  bow  in  ramming  which  would 
expose  the  iron  skin  to  the  action  of  the  copper 
sheathins;  would  cause  serious  galvanic  action. 

The  Boadicea  has  been  completed  and  equipped  for 
sea.  Her  engines  were  tested  at  the  measured  mile  in 
October  1876,  and  in  the  following  December  a  special 
run  of  six  hours’  duration  was  made,  when  the  following 
results  were  obtained,  with  a  draught  of  water  forward 
of  20  feet  6  inches,  and  aft,  22  feet  4  inches. 

Pressure  of  steam  in  boilers,  70  pounds  ;  horse-power 
during  the  first  hour,  4,893,  with  73  revolutions ; 
second  hour,  5,406  horse-power  and  74'6  revolutions ; 
third  hour,  5,414  horse-power  and  75’3  revolutions ; 
fourth  hour,  5,227  horse-pov'er  and  74'5  revolutions  ; 
fifth  hour,  5,523  horse-power  and  75  revolutions  ;  and 
during  the  sixth  hour,  5,320  horse-power  and  74*4 
revolutions  ;  the  mean  being  5,300  horse-power,  and 
74’5  revolutions ;  and  the  speed  14‘5  knots. 

The  engines  are  reported  to  have  worked  satisfac¬ 
torily,  and  one  feature  of  the  trial  was  in  working  them 
with  a  boiler  pressure  of  only  10'5  pounds. 

The  Bacchante,  built  at  Portsmouth  dockyard,  and 
the  Euryalus,  built  at  Chatham,  are  of  the  same  dimen¬ 
sions  and  class  as  the  Boadicea. 

The  Rover  was  built  by  contract ;  she  has  500  tons  less 
displacement  than  the  Bacchante  and  Euryalus.  She  was 
launched  on  the  12th  of  August,  1874,  tried  in  November 
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1875,  and  sent  to  join  the  West  India  squadron  imme¬ 
diately  after.  She  approaches  the  size  and  type  of  a 
class  of  yessels  very  greatly  needed  in  the  United 
States  navy.  Her  length  between  perpendiculars  is 
280  feet ;  breadth,  extreme,  43  feet  6  inches  ;  draught 
of  water  forward,  17  feet  2  inches  ;  aft,  23  feet  2  inches  ; 
and  displacement,  3,494  tons. 

The  contract-price  for  the  hull  and  machinery  was 
£163,000.  She  was  made  large  enough  to  be  sea¬ 
going,  to  act  as  a  ram,  and  to  have  high  speed ;  and  no 
ship  having  structural  strength  to  withstand  the  engine- 
power  necessary  for  driving  her  nearly  15  knots  per 
hour,  to  act  as  a  ram,  to  have  ail  the  requirements 
necessary  for  a  war-ship,  and  to  keep  the  sea  as  a  cruiser, 
is  likely  to  be  made  ve>y  much  smaller  until  some 
further  advance  is  made  in  engineering. 

The  engines  are  the  first  of  their  kind  completed 
and  used  in  the  British  navy,  and  special  interest  has 
been  taken  in  their  performance.  They  are  compound 
and  surface-condensing,  and  belong  to  the  type  known 
as  the  horizontal-return  connecting-rod  ;  the  cross-heads 
working  in  slipper-guides.  According  to  the  contract, 
they  were  to  indicate  4,750  indicated  horse-power  at 
the  measured-mde  trial. 

The  diagram  on  the  opposite  page  shows  the  main 
parts  of  the  engines  in  plan.  The  diameter  of  the 
high-pressure  cylinder  is  72  inches,  equivalent  to  an 
area  of  4,071’51  square  inches  of  pi.ston.  The  diameter 
of  each  low-pressure  cylinder  is  88  inches,  and  the  area 
of  piston  6,082‘13  square  inches.  The  two  low-pressure 
pistons  combined  give  an  aggregate  area  of  12,164‘26 
square  inches  ;  the  high  and  low  pressure  pistons 
bearing  to  each  other  the  ratio  of  1  to  2'98  in  effective 
area.  The  high-pressure  cylinder,  which  is  fitted  with 
a  working  barrel  made  of  Sir  Joseph  Whitworth’s 
jratent  compressed  steel,*  is  placed  between  the  two 

*  This  metal,  first  introduced  by  Sir  Joseph  Whitworth,  about  twenty 
years  ago,  and  since  used  for  his  ordnance,  is  now  gradually  gaining 
favour  for  such  constructions  as  demand  a  material  of  exceptional 
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low-pressure  ones  ;  and  each  cylinder  stands  separately 
and  distinctly  by  itself,  securely  attached  to  its  owii 
two  main  frames — these  latter,  six  in  al',  carrying  the 
crank-shaft.  The  slide-valve  of  the  high-pressure 
cylinder  is  placed  on  the  upper  side,  and  lies  on  its 
face ;  the  valve-face  of  the  cylinder  is  cast  sepa¬ 
rately,  and  bolted  to  its  place,  with  a  view  to  its  ready 
repair  or  removal  in  case  of  need.  The  slide-valves  of 
the  low-pressure  cylinders  are  placed  on  the  sides  of 
the  latter,  the  valve-faces  of  these  cylinders  being  also 
bolted  on;  and  all  the  slide-valves  are  fitted  with  the 
usual  metallic  packing-rings  on  their  backs  to  relieve 
the  pressure.  Steam  starting-gear,  in  addition  to  the 
ordinary  hand-gear,  is  fitted  for  facility  of  handling, 
and  the  easy  way  in  which  these  large  engines  can  be 
handled  is  best  told  by  describing  the  results  obtained. 
While  running  full  speed  ahead,  they  were  stopped  in 
nine  seconds,  started  astern  at  full  speed  in  six  seconds 
more,  and  were  reversed  from  that  position  to  full 
speed  ahead  again  in  eight  seconds.  The  casing  of 
the  high-pressure  slide-valve,  to  which  the  expansion- 
valve  casing  is  attached,  is  connected  with  the  low- 


strength  and  toughness,  or  where  a  combination  of  strength  and  light¬ 
ness  is  essential,  as  in  many  parts  of  marine  steam-engines ;  especially 
in  cylinder  linings  and  valve-faces,  where  hardness  is  also  neccessary  to 
resist  abrasion. 

Steel  is,  as  ordinarily  cast  by  pouring  into  ingot-moulds,  found  to  be 
porous  and  compaiatively  heterogeneous  in  texture,  and  brittle  in  con¬ 
sequence  of  gas  and  air-holes.  Whitworth  adopted  the  simple  but 
effective  expedient  of  subjecting  the  ingot  or  casting,  while  still 
molten,  to  the  pressure  of  a  heavy  hydraulic  press  while  solidifying : 
by  this  means  tlie  pores  and  bubble-holes  are  effectually  closed,  and 
the  compressed  steel  is  given  a  strength  and  homogeneity  unequalled 
by  any  other  known  metal.  Although  a  simple  process,  it  has 
required  a  considerable  amount  of  experiment,  ingenuity,  and  cost  to 
produce  this  compressed  steel  with  uniform  success ;  this  has,  however, 
been  accomplished,  and  the  material  is  now  used  in  the  British  navy, 
in  France,  and  in  Austria. 

The  inventor  has  stated  that  by  careful  selection  and  treatment  of 
metals,  a  steel  can  be  produced  capable  of  resisting  a  tensile  stress  of 
45  tons  per  square  inch  of  section,  and  of  elongating  25  per  cent,  before 
breaking. 

First  cost  is  the  only  objection  raised  against  its  general  use. 
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pressure  slide-valve  casings  by  four  copper  pipes, 
A,  A,  A,  A,  through,  which  the  steam  passes  after 
leaving  the  high-pressure  cylinder.  These  pipes  and 
the  passages  connected  with  them  form  the  only  steam 
reservoirs  between  the  cylinders.  The  surface-con¬ 
densers  are  on  Hall’s  system,  the  steam  passing  thn  mgh 
the  tubes ;  they  stand  on  the  side  of  the  connecting- 
shaft  opposite  to  the  cylinders,  and  each  condenser  is 
connected  with  its  own  low-pressure  cylinder  by  an 
eduction-pipe,  through  which  the  steam  passes  on 
leaving  the  latter.  The  condensers  have  a  total 
number  of  7,221  brass  tubes,  tinned  inside  and  outside, 
with  a  total  cooling-surface  of  9,500  square  feet.  The 
tubes  are  fitted  in  the  tube-plates  with  screwed  glands 
and  stuffing-boxes,  and  the  condensers  are  so  arranged 
that  they  may  be  worked  as  common  condensers,  if 
required.  The  air-pumps,  double-acting,  are  two  in 
number,  23  inches  in  diameter,  with  a  stroke  of  4  feet, 
and  the  circulating  water  is  driven  through  the  con¬ 
densers  by  two  centrifugal  pumps  worked  by  an 
independent  pair  of  small  engines  ;  and  the  main 
receiving-pipes  to  these  pumps  are  fitted  with  branches 
leading  into  the  bilges  of  the  vessel,  so  that  the  pumps 
may  become  large  bilge-pumps  in  the  event  of  any 
leak  arising  in  the  vessel.  There  is  the  usual  arrange¬ 
ment  of  feed  and  bilge-pumps  fitted  to  the  main 
engines,  two  of  each ;  they  are  of  gun-metal,  and  are 
5  inches  in  diameter,  with  a  stroke  of  4  feet.  In 
addition  to  these  pumps  there  are  two  feed  auxiliaries, 
a  bilge  auxiliary,  a  hand-pump  and  fire-engine,  all 
fitted  in  accordance  with  the  Admiralty  specification. 

The  length  of  the  stroke  of  the  main  engines  is 
4  feet,  and  the  length  of  the  connecting  rod  is  twice 
the  length  of  the  stroke.  The  diameter  of  the  con¬ 
necting-shafts  is  18  inches,  and  of  the  crank-pins 
20  inches.  The  shaft  is  made  in  three  pieces,  with 
couplings  forged  on  the  ends,  by  whidi  they  are  bolted 
securely  together.  The  diameter  of  the  shafting  is 
16^  inches,  and  that  of  the  stern-shaft  18|  inches. 
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the  latter  running  in  the  usual  lignum-vitse  bearings 
fitted  in  the  stern-tube.  The  screw-propeller  is  of 
gun-metal,  on  the  Hirsch  principle,  with  a  diameter  of 
21  feet,  and  is  driven  by  an  ordinary  cheese-coupling 
keyed  on  the  stern  shaft.  It  is  fitted  to  lift  in  a  banjo- 
frame  by  means  of  sheer  legs  and  tackles  on  deck. 

The  boilers,  which  are  ten  in  number,  stand  athwart- 
ships  in  two  groups.  Each  group  of  four  and  six, 
respectively,  has  its  own  separate  chimney,  fitted  on 
the  telescopic  principle,  and  the  boilers  carry  a  working 
pressure  of  70  pounds  to  the  square  inch.  They  are 
about  11  feet  10  inches  in  diameter,  9  feet  6  inches 
long,  with  brass  tubes  3  inches  in  outside  diameter,  and 
wrought-iron  stay-tubes.  Each  boiler  has  two  furnaces 
3  feet  10  inches  in  diameter  and  6  feet  8  inches  long. 
The  total  heating-surface  of  the  boilers  is  12,700  square 
feet,  and  the  grate-bar  surface  is  510  square  feet. 

Among  other  fittings  of  the  engines  it  may  be  men¬ 
tioned  that  both  low-pressure  cylinders  have  separate 
starting- valves ;  a  double-beat  regulator-valve  is  placed 
in  the  main  steam-pipe  close  to  the  expansion-valve, 
and  beside  this  a  steam-separator.  There  is  also  a 
throttle-valve  to  be  used  with  a  Silver’s  governor.  The 
high-pressure  piston  is  provided  with  a  20-inch  trunk 
at  the  back,  which  is  enclosed  in  a  casing  bolted  upon 
the  cylinder-cover,  and  works  always  upon  an  adjustable 
gun-metal  block ;  the  latter  thus  takes  the  principal 
weight  of  the  piston,  by  which  means  it  is  hoped  that 
excessive  wear  of  the  cylinder  may  be  prevented.  This 
adjustable  block  is  regulated  by  set-screws,  and  although 
when  made  it  was  thought  to  be  an  improvement,  it  has 
since  been  found  to  be  a  disadvantage,  because  there  is 
no  means  of  ascertaining  just  how  much  to  raise  or 
lower  the  piston.  The  starting  and  reversing  gear 
referred  to  is  simply  a  vertical  steam-cylinder  with  the 
necessary  valve-gear ;  the  lower  end  of  its  piston-rod  is 
connected  by  a  link  with  the  reversing-gear,  and  the 
upper  end  is  formed  as  a  very  coarsely-pitched  screw. 
This  is  so  proportioned  that  it  does  not  move  of  itself 
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when  steam  is  turned  on,  but  is  so  far  balanced  that 
scarcely  an  effort  is  required  at  the  hand- wheels,  of 
w'hich  two  are  provided  and  connected  with  the  piston- 
rod  by  bevel-gearing,  in  order  to  remove  the  reversing- 
links  in  either  direction. 

The  following  results  were  obtained  in  November  1875 
on  the  measured-mile  trial :  The  mean  speed  on  the  six 
full-power  runs  was  14‘533  knots;  the  mean  revolutions 
68'51 ;  steam-pressure,  68’70  pounds ;  and  vacuum,  27^ 
inches.  The  mean  indicated  horse-power  was  2476‘6 
in  the  high-pressure  cylinder,  1343'2  in  the  forward 
low-pressure  cylinder,  and  1143'7  in  the  after  low- 
pressure  cylinder;  the  total  being  4963'5  indicated 
horse-power.  The  mean  speed  on  the  four  half-power 
runs  was  11'714  knots  with  54‘26  revolutions,  66  pounds 
of  steam,  and  28  inches  of  vacuum.  The  indicated 
horse-power  was  1,240  in  the  high-pressure  cylinder, 
580*6  in  the  forward  low-pressure  cylinder,  and  501*7  in 
the  after  low-pressure  cylinder,  the  total  being  2,322*3. 
The  propeller  was  set  at  a  mean  pitch  of  24  feet  11  inches. 

As  previously  stated,  the  engines  of  the  Hover  are  the 
first  of  the  kind  put  on  trial  in  the  Royal  Navy.  The 
most  marked  feature  about  them  is  the  use  of  two  low- 
pressure  cylinders  instead  of  one.  The  diameter  of  one 
cylinder,  equal  in  area  to  the  two  low-pressu’  e  cylinders 
of  the  Hover,  would  be  nearly  124|  inches.  Cylinders 
of  about  this  size  have  been  used  in  Her  Majesty’s 
navy,  working  with  pressures  greater  than  those  at 
which  the  low-pressure  cylinder  of  a  compound  engine 
works,  and  they  have  been  used  in  the  merchant- 
service  in  compound  engines  ;  but  the  experience  with 
these  large  cylinders  has  been  very  unsatisfactory,  on 
account  of  the  number  that  have  cracked  from  un¬ 
equal  expansion  and  contraction,  and  the  inconvenience 
of  handling  and  working  such  large  and  heavy  parts 
in  the  confined  space  of  an  engine-room.  For  these 
reasons  the  low-pressure  cylinders  have  been  kept 
within  reasonable  limits  in  all  recently-designed  engines 
of  the  naval  service. 
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The  engines  and  boilers  of  the  Euryalus  are  similar 
to  those  of  tlie  Rover,  except  that  the  high-pressure 
cylinder  is  2  inches  larger  in  diameter,  and  the  low- 
pressure  cylinders  and  working  parts  are  proportionately 
increased  in  size.  The  power  of  the  boilers  is  also 
increased  by  the  addition  of  one  furnace  to  each,  so  that 
there  are  in  ail  30  furnaces  in  the  ten  boilers,  each 
having  a  diameter  of  3^  feet  and  6-feet  length  of  grate. 

During  the  time  that  these  and  several  otlier  sets 
of  three-cylinder  engines  we'^e  building,  the  subject  of 
the  position  in  which  the  cranks  should  be  set  lela- 
tively  to  each  other  received  considerable  attention 
and  discussion.  At  the  Institution  of  Naval  Architects, 
in  1874,  Mr.  G.  L.  Rennie,  a  distinguished  mechanical 
engineer  and  marine  engine  builder,  read  a  paper  on 
tlie  subject;  and  at  t)ie  same  institution  in  1876,  Mr. 
John  R.  Ravenhill,  also  well  known  as  a  mechanical 
engineer,  made  the  following  statement : — 

“In  the  month  of  March  1874,  a  paper  was  read  by 
Mr.  G.  Tj.  Rennie,  on  engines  at  that  time  under  course 
of  construction  by  his  8rm  for  Her  Majesty’s  steamships 
Boadicea  and  Bacchante,  in  which  he  brought  under 
our  notice  a  series  of  diagrams  showing  the  theoretical 
force  exerted  by  the  three  cylinders  at  all.  parts  of  the 
path  of  the"  crank-pin’s  centres,  in  four  different  ways 
of  setting  the  relative  angles  of  the  cranks,  which  he 
described  as  follows:  (A).  With  equal  angles  of  120° 
with  each  other.  (B).  The  two  low-pressure  cranks 
with  90°  between  them,  and  135°  between  these  and 
the  high-pressure  crank.  (0).  The  low-pressure 
cranks  with  tlie  same  angle  between  tJiem,  but  at 
angles  of  150°  and  120°  witii  the  other  one.  (D). 
The  low-pressure  cranks  placed  opposite  to  each  other, 
and  at  right  angles  to  the  high-pressure  crank.  And 
he  proceeded  to  give  his  reasons  for  concluding  to 
adopt  the  position  described  in  (D),  for  the  angles  of 
the  cranks  of  the  two  above-named  ships.  (See  Fig.  1, 
page  108.)  In  the  discussion  that  followed,  I  stated  that 
in  the  three-cylinder  compound  engines  then  making 
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by  my  late  firm  for  the  Bove7',  I  had  adopted  the  plan 
of  placing  the  cranks  at  equal  angles  of  120°  with 
each  other — see  (A), — and  promised  to  furnish  the 
institution  with  the  practical  result  obtained.  Recent 
experience  has  demonstrated  most  clearly  that  we  have 
closely  approached,  if  we  have  not  actually  reached, 
the  point  at  which  the*  crank-pins  of  large  high-speed 
engines  will  work  satisfactorily  in  consequence  of  the 
very  limited  amount  of  bearing  surface  that  of  neces¬ 
sity  can  be  allotted  to  them ;  and  unless  phosphor 
bronze  should  come  to  the  assistance  of  the  marine 
engineers,  as  white-metal  and  lignum-vitse  did  in  days 
gone  by,  it  may  be  necessary  to  reduce  the  load  on  the 
high-pressure  crank-pins.  Rather  than  depart  from 
the  angle  of  120°  for  my  cranks  I  would  alter  the 
multiple  of  my  cylinders,  for  with  the  three  cranks  set 
at  equal  angles  to  each  other  you  possess  the  great 
practical  advantage  of  being  able  to  work  on  with  any 
two  cylinders  out  ot“  the  three,  under  any  circum¬ 
stances,  in  the  event  of  temporary  derangement  with 
the  third,  an  advantage  that  might  prove  to  be  the 
salvation  of  a  ship  and  her  crew  on  a  lee  shore  or  in 
the  time  of  war.” 

It  will  be  seen  that  the  cranks  of  the  engines  of  the 
Hover  are  set  in  the  positions  represented  by  (A). 
The  cranks  of  the  engines  of  the  Boadieea  and  the 
Bacchante  are  set  according  to  the  positions  represented 
in  (1)).  In  the  armoured  ships  Alexandra  and 
Dreadnought,  the  positions  of  the  engine-cranks  is  as 
shown  in  (B). 

The  following  is  taken  from  Mr.  Rennie’s  paper  ;  the 
diagrams  referred  to  in  it  will  be  found  at  page  108. 

It  is  entitled:  ‘On  Three-throw  Crank  Engines  of 
the  Compound  System — Her  Majesty’s  Ships  Boadieea 
and  Bacchante^  and  was  read  at  the  fifteenth  session  of  the 
Institution  of  Naval  Architects,  on  the  27th  of  March, 
1874 ;  the  Right  Hon.  Lord  Hampton,  G.C.B.,  D.C.L., 
President,  in  the  chair. 

“  Since  I  had  the  honour  of  reading  a  paper  before 
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yon  on  the  subject  of  compound  engines  of  Her 
Majesty’s  ship  Briton,  in  1871,  the  system  of  engine 
adopted  in  the  navy  has  been  almost  entirely  com¬ 
pound,  even  to  the  largest  size.  The  engines  for  the 
ships  Thetis,  Encounter,  and  Amethyst  closely  followed 
those  of  the  Briton,  of  similar  size  and  construction, 
besides  others  of  the  same  size  and  many  smaller.  All 
of  these  were  made  with  one  high-pressure  and  one 
low-pressure  cylinder;  but  when  a  much  larger  power 
than  that  developed  in  the  Briton  was  required,  it  w^as 
considered  advisable  by  Mr.  Wright,  chief  engineer  of 
the  Admiralty,  to  have  two  low-pressure  cylinders  and 
the  high-pressure  cylinder,  on  account  of  the  risk 
involved  in  making  good  castings  of  the  size  of  cylin¬ 
ders  that  would  be  required  it  made  with  one  low- 
pressure  cylinder,  especially  as  casualties  had  taken 
place  in  some  of  the  larger  cylinders  in  her  Majesty’s 
ships. 

“  Last  year  my  firm  entered  into  a  contract  for  two 
sets  of  compound  engines,  each  5,250  horse-power,  to 
be  fitted  on  board  Her  Majesty’s  ships  Boadicea  and 
Bacchante  ;  each  set  of  engines  has  three  cylinders,  one 
high-pressure  of  73  inches  diameter,  and  two  low-pres¬ 
sure  of  93  inches  diameter,  the  stroke  being  4  feet. 

“  Wishing  to  ascertain  the  most  advantageous  angles 
to  place  the  cranks  in  relation  to  each  other,  so  as  to 
develop  the  required  power  with  the  greatest  regularity 
of  motion,  with  the  least  strain  on  the  shaft,  I  had 
some  carefully-made  diagrams  constructed,  taking  into 
account  the  cut-off  to  which  the  valves  were  made  to 
work,  as  well  as  making  allowance  for  the  capacity 
of  the  ports,  passages,  cfec.,  between  one  cylinder  and 
the  other  at  each  successive  point  of  the  travel  of  the 
pistons.  The  steam  being  cut  off  at  half-stroke  in  the 
high-pressure  cylinder  by  a  separate  expansion-valve, 
and  at  three-fifths  of  the  stroke  in  the  two  low-pressure 
cylinders;  the  initial  pressure  being  82  pounds,  and 
the  back  pressure,  from  imperfect  vacuum,  at  4  pounds. 
It  was  impossible  to  make  allowance  for  the  ‘  wire 
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drawing  ’  of  the  steam  through  the  ports,  pipes,  &c., 
with  any  degree  of  accuracy ;  this,  therefore,  was  not 
taken  into  account,  so  that  the  total  horse-power  indi¬ 
cated  on  the  diagrams  is  in  excess  of  that  which  would 
be  actually  realised  in  practice ;  but  as  each  case  is 
relatively  the  same  in  this  respect,  it  would  not  affect 
the  general  comparison.” 

“The  diagrams  are  made  for  four  different  positions 
of  cranks : — 

“  (A).  Witli  equal  angles  of  120°  with  each  other. 

“  (B).  The  two  low  -  pressure  cranks,  with  90° 
between  them,  and  135°  between  these  and  the  high- 
pressure  crank. 

“  (C).  The  low-pressure  cranks,  wiih  the  same  angle 
between  them,  but  at  angles  of  150°  and  120°  with  the 
other  one. 

“  (D).  The  low-pressure  cranks  placed  opposite  to 
each  other,  and  at  right  angles  to  tlie  high-pressure 
crank. 

“Having  thus  ascertained  the  pressures  at  different 
points,  in  each  case,  when  the  cranks  were  placed  at 
the  above-named  angles,  the  diagrams  of  tlie  tangential 
forces  were  constructed,  taking  into  account  the  length 
of  the  connecting-rod,  to  be  four  times  that  of  tlie 
crank. 

“  These  diagrams  show  the  force  exerted  by  the  three 
cylinders  at  all  parts  of  the  path  of  the  crank-pin 
centre;  and  the  greater  regularity  of  the  curve,  and 
the  nearest  approach  to  a  straight  line,  the  more 
uniform  the  rotation  of  the  shaft  and  screw-propeller. 

“  It  is  seen  clearly  by  the  diagrams  that  the  most 
uniform  motion  is  derived  by  placing  the  cranks  at 
right  angles,  as  in  (D) ;  and  the  next  best  position 
is  where  the  angles  are  equal  (A). 

“The  more  uniform  motion  also  gives  the  least  maxi¬ 
mum  strain  on  the  sliaft,  and  thus  allowing  for  the 
same  margin  of  safety  in  each  case.  And,  supposing 
in  dne  case  the  diameter  of  the  shaft  *to  be  18  inches, 
in  the  other  it  would  have  to  be  19^  inches  diameter. 
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‘•'As  regards  the  better  propelling-machinej  I  fancy 
there  can  be  little  doubt  among  naval  engineers  that 
a  steady,  continuous  pressure  will  be  a  far  better 
propelling-machine  than  one  subject  to  a  series  of 
jumps  and  variation  of  strain  during  the  rotation  of 
the  propeller. 

“  In  order  to  ascertain  the  effect  of  an  earlier  cut-off 
than  half-stroke,  I  had  a  further  diagram  (No.  2)  made, 
supposiug  the  steam  cut  off  at  one-third  in  the  small, 
and  one-half  in  the  large  cylinders ;  but  this  does  not 
appear  to  affect  the  irregularity  of  the  motion,  but 
merely  shows  a  gradual  depression  throughout  the 
circle.  How  far  a  greater  cut-off  in  the  low-pressure 
cylinders  affects  the  curves  I  have  not  yet  gone  into, 
the  engines  in  question  not  being  fitted  with  separate 
expan sion-valves  on  the  low-pressure  cylinders. 

‘The  sixth  set  of  diagrams  (No.  3)  are  those  of  the 
Briton,  with  two  cylinders,  taken  on  her  trial-trip,  and 
reduced  to  a  curve,  showing  the  tangential  force  to 
turn  the  shaft  round. 

“  From  these  examples,  it  seems  to  me  that  in  com¬ 
pound  engines — whether  with  two  or  three  cylinders — 
the  best  position  to  place  the  cranks,  both  for  uni¬ 
formity  of  motion  as  well  as  strain  on  the  shaft,  is 
where  the  low-pressure  cylinder  cranks  are  placed  at 
right  angles  to  the  crank  of  the  high-pressure  cylin¬ 
der.” 

There  is  yet  a  smaller  class  of  modern  corvettes  of 
different  build,  known  formerly  as  the  Magicienne,,  but 
now  as  the  Ojpal  class,  that  promises  to  be  permanent.  It 
includes  the  Opal,  Turquoise,  Tourmaline,  Garnet,  Buhy, 
and  Emerald. 

These  vessels  are  all  composite-built.  Their  length 
is  220  feet ;  breadth,  40  feet ;  draught  of  water  forward, 
15  feet  6  inches  ;  aft,  17  feet ;  and  displacement  1,864 
tons.  They  are  fully  rigged  as  sailing-vessels  and 
fitted  with  lifting  screw-propellers.  The  engines  are 
of  the  compound  type,  like  those  of  all  recently 
designed  cruisers.  Though  the  engines  are  not  all 
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from  the  same  patterns,  it  may  be  sufficient  to  give 
the  general  dimensions  for  one  set  as  they  are 
specified  by  the  Admiralty.  They  consist  of  one 
pair  of  horizontal  engines.  The  diameter  of  the 
high-pressure  cylinder  is  57  inches  and  of  the  low- 
pressure  90  inches.  The  length  of  stroke  is  2  feet 
9  inches  and  the  maximum  number  of  revolutions 
per  minute  about  90. 

The  high  pressure  cylinder  face  is  made  separately 
of  phosphor  bronze,  and  is  secured  to  the  cylinder  with 
brass  screws.  The  diameter  of  tlie  crank-shaft  and 
crank-pin  bearings  is  Id  inches;  tlie  aggregate  length 
of  the  shaft  bearings  being  7  feet  6  inches,  arid  that  of 
each  crank-pin  13  inches.  The  diameter  of  the  pro¬ 
peller-shaft  is  12  inches,  except  the  length  which  passes 
through  the  stern  tube,  whi(;h  is  13^  inches  in  dia¬ 
meter.  The  screw-propeller  is  15  feet  in  diameter. 
The  boilers  are  cylindrical,  with  horizontal  tubes,  and 
the  steam  pressure  is  60  pounds  per  square  inch.  The 
indicated  horse-power  on  the  measured  mile  is  to  be 
2,100,  and  the  maximum  speed  with  this  power  is  to  be 
llj  knots.* 

The  armament  consists  of  fourteen  64-pounder 
rifled  guns,  one  of  which  is  a  bow-chaser,  working  under 
cover  of  a  torecastle  ;  and  another  is  a  stern-chaser,  under 
a  poop  ;  the  remainder  of  the  guns  are  uncovered. 

Sloops  of  modern  date  are  also  of  composite  build  ; 
they  are  rated  next  after  corvettes,  and  may  be  divided 
into  three  classes.  Those  of  the  first  class  include 
the  Wild  8ivan  and  Penguin,  completed  in  1876,  and 
the  Cormorant,  Os'prey,  and  Pelican,  to  be  completed 
in  1877.  These  vessels  have  a  displacement  of  1,124 
tons.  Their  length  between  perpendiculars  is  170  teet; 
breadth  extreme,  36  feet ;  and  draught  of  water,  13  feet 
forward  and  16  feet  aft.  They  carry  four  guns  on  the 
broadsifle  and  tw'o  bow  or  stern  chasers.  The  estimated 
cost  of  the  hull,  &c.,  is  £35,400,  and  of  the  machinery 
£10,500.  The  second  class  are  all  completed  and  in 

*  The  maximum  speed  of  these  vessels  is  13  to  ISJ  knots.  (Ed.) 
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commission,  and  include  the  Baring,  Albatross,  Flying 
Fish,  Egeria,  Fantome,  and  Sappho.  These  have  a 
displacement  of  894  tons;  their  leuf^th  between  per¬ 
pendiculars  is  160  feet ;  breadth  extreme,  31  feet 
4  inches ;  and  draught  of  water,  12  feet  forward  and 
14  feet  aft.  The  average  indicated  horse-power  is  900, 
and  the  number  of  guns  four,  two  of  which  are  chasers. 
Tile  total  cost  of  hull  and  machinery  is  £35,500. 

The  third  class,  rated  by  parliamentary  returns  as 
sloops  and  in  the  navy-list  as  gun-vessels,  include  the 
Arab  and  Lily  in  commission,  each  of  700  tons  dis¬ 
placement.  Their  length  is  150  feet ;  breadth  28^  feet ; 
and  draught  of  water,  10  feet  forward,  and  12  feet  aft : 
the  indicated  horse-power  being  respectively  656  and 
829.  There  are  also  the  Flamingo,  Condor,  Griffon, 
and  Falcon,  building  and  to  be  completed  this  year. 
The  last  named  have  a  displacement  of  774  tons; 
length,  150  feet;  breadth,  29  feet;  draught,  11  feet 
forward,  and  13  feet  aft;  and  their  indicated  horse¬ 
power  is  to  be  7 50.  The  total  cost  of  hull  and  machinery 
is  £33,500. 

All  of  these  vessels,  like  all  others  of  recent  con¬ 
struction,  are  engined  on  the  compound  system.  The 
largest  of  the  sloops,  i.e.  those  having  a  displacement 
of  1,124  tons,  are  fitted  with  engines  capable  of 
developing  an  indicated  horse-power  of  960  on  the 
measured  mile.  The  diameter  of  the  high-pressure 
cylinder  is  38  inches,  of  the  low-pressure  cylinder 
66  inches,  and  the  stroke  is  2  feet.  The  maximum 
revolutions  are  to  be  100  per  minute,  and  the  speed 
under  steam  10  knots  per  hour.  The  steam  is  supplied 
by  cylindrical  boilers,  and  the  pressure  is  to  be  60 
pounds  per  square  inch.  The  screw-propeller  is  13  feet 
in  diameter,  and  like  those  of  other  cruising  vessels  it 
is  two-bladed  and  lifting.  The  vessels  are  to  be  fully 
rigged  as  cruisers,  and  are  intended  to  keep  the  sea 
under  sail. 

The  Arab  class  are  also  three-masted ;  they  are  square- 
rigged  on  the  main-mast  as  well  as  on  the  fore-mast. 
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There  is  also  a  large  lumober  of  what  is  known  as 
composite  gun-vessels  fitted  as  cruiseis,  of  which  the 
Coquette  class  are  the  smallest  vessels  in  the  British 
navy.  The  disjdacement  of  this  class  is  430  tons ; 
their  length  is  125  feet:  breadth,  extieme,  23  feet 
6  inches;  and  dianght,  8  feet  forward,  and  10  feet  aft. 
They  have  lifting-screws,  are  tlu’ee-masted,  and  square- 
rigged  on  the  foremast  only.  Tlieir  armament  consists 
of  two  64,  and  two  20-pounder  rifled  guns.  The  speed 
under  steam  is  between  9  and  10  krK)ts  and  under 
favourable  conditions  of  wind  and  weather  a  run  of 
twenty-four  hours  can  be  made  with  3  tons  of  coal. 

In  addition  to  the  composite  gunvessels  and  gun¬ 
boats,  there  is  a  large  number  of  iron  double-screw 
gunboats,  ten  of  which  were  built  by  the  Palmer  Ship¬ 
building  Company  at  Jarrow-on-Tyne.  These  vessels 
have  a  displacement  of  363  tons;  their  indicated  horse¬ 
power  is  to  be  310,  and  the  number  of  guns  three. 
There  are  others  of  still  smaller  size,  some  of  which 
are  fitted  to  carry  a  single  gun  mounted  on  a  rising 
and  lowering  platform  forward,  so  arranged  that  the 
gun  can  be  lowered  into  the  hold  when  the  vessel  goes 
to  sea. 

This  peculiar  type  of  vessel  was  invented  by  Mr. 
Rendel ;  the  Staunch,  built  in  1867,  being  the  original. 
She  cost  £13,500.  Since  then  about  thirty  have 
been  added  to  the  navy. 

Pecently,  Sir  W.  Armstrong  &  Co.  have  been  con¬ 
structing  four  gunboats  for  the  Chinese  government, 
in  which  several  important  improvements  over  the 
Staunch  type  have  been  introduced.  Two  of  these 
boats  mount  a  26^-ton  gun,  and  two  a  38-ton  gun 
each. 

The  two  little  vessels  last  referred  to,  which  are  built 
of  iron,  measure  126  feet  in  length  over  all.  Their  ex¬ 
treme  breadth  is  30  feet,  draught  of  water  8  feet,  and 
disi'lacement  430  tons.  They  are  schooner  rigged, 
with  tripod  masts;  can-y  50  tons  of^coal,  50  rounds  of 
ammui  ition,  and  two  12-pounders  and  a  Gatling  gun 
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in  addition  to  the  heavy  gnn.  They  are  propelled  by 
twin-screws,  and  are  intended  to  have  a  speed  of  9  knots. 

The  main  peculiarities  in  these  boats  consist  in  a 
great  gun  being  mounted  on  so  small  a  vessel,  and  in 
the  system  of  working  it ;  the  gun  being  much  heavier 
than  those  used  in  the  English  boats,  and  the  little 
vessel  herself  being  made  to  act  as  the  gun-carriage. 
The  gun  is  worked  by  hydraulic  power,  and  the  entire 
arrangement  of  the  mechanism  is  similar  to  that  em¬ 
ployed  in  working  the  100-ton  gun  at  Spezzia,  which 
will  be  noticed  hereafter.  Two  heavy  iron  beams  in 
the  fore  part  of  the  vessel  are  placed  side  by  side  on  a 
level  with  the  deck  and  parallel  with  the  keel;  on 
these  beams  are  bolted  frames  analagous  to  the  cross¬ 
head  guides  of  a  horizontal  engine,  and  the  trunnions  of 
the  gun  are  fitted  in  slide-blocks,  wliich  take  the  place 
of  the  cross-head.  Thus  arranged,  the  gun  can  slide 
backwards  and  forwards  through  a  range  of  about 
3  feet.  The  preponderance  at  the  breech-end  is  sup¬ 
ported  by  two  secondary  parallel  bars  inside  the  main 
gun  beams.  These  are  hinged  at  the  rear  end,  and  at 
the  forward  end  they  are  carried  on  tlie  cross-head  of  a 
vertical  hydraulic  ram  fixed  beneath  the  deck.  The 
breech-end  of  the  gun  is  supplied  with  a  hoop  and  lugs ; 
the  lugs  rest  on  the  two  secondary  bars  near  their 
hinged  ends,  and  thus,  by  causiug  the  hydraulic  ram 
to  rise  or  fall,  the  gun  can  be  elevated  or  depressed 
at  will.  No  turning-gear  is  provided,  the  lateral  train¬ 
ing  of  the  gun  being  effected  by  turning  the  whole  boat 
through  the  required  arc  by  the  use  of  the  rudder  and 
twin-screws.  To  run  the  gun  in  and  out,  two  hydraulic 
cylinders  are  used,  one  of  which  is  fixed  horizontally 
on  each  side  beam,  the  cross-heads  of  the  rams  taking 
hold  of  the  trunnion  slide-blocks.  The  recoil  is  taken 
up  by  these  rams,  or  more  properly  pistons,  delivering 
water  under  a  weighted  valve. 

The  gun  is  loaded  by  a  hydraulic  rammer,  the  shot 
being  brought  to  the  muzzle  by  a  trolly  or  carriage, 
from  which  it  is  pushed  into  the  bore. 
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During  the  trials  of  the  Gamma,  one  of  these  vessels, 
the  38-ton  gun  was  fired  with  charges  consisting  of  130 
pounds  of  powder  and  800-pound  projectiles,  the  eleva¬ 
tion  being  3^  degrees. 

These  boats  are  regarded  as  the  nucleus  of  a 
Chinese  fleet,  which,  if  properly  manned,  will  no  doutit 
give  a  great  deal  of  trouble  to  Japan  or  any  other 
country  which  may  dare  to  invade  the  sanctity  of 
Celestial  waters.  Extravagant  estimates  of  their  merits 
have,  however,  been  formed,  and  some  of  the  English 
papers  have  been  urging  the  adoption  of  the  type  into 
the  British  navy.  They  are  a  great  improvement  on 
the  English  boats,  but  not  free  from,objections,  one  of 
which  is  the  want  of  lateral  movement  of  the  gun 
without  moving  the  vessel ;  and  another  that  in  order 
that  they  may  operate  with  maximum  efficiency  the 
water  must  be  tolerably  smooth,  at  which  time  it  would 
not  be  difficult  to  hit  one  of  them  by  a  shot  from  the 
small  rifled  guns  carried  by  armoured  ships  and  send 
her  to  the  bottom.  Therefore,  except  under  peculiar 
circumstances,  they  are  useful  for  defensive  purposes 
only,  and  service  on  board  of  them  in  war  time  must 
in  many  cases  be  attended  with  extreme  risk. 

All  the  modern  unarmoured  cruising  vessels  of  the 
British  navy  below  the  rate  of  the  Active  are  now  built 
on  the  composite  system.  In  this  method  of  construc¬ 
tion  the  framework  inside  of  the  skin,  including  the 
frames,  beams,  keelsons,  stringers,  ^helf-pieces,  water¬ 
ways,  transoms,  bulkheads,  &c.,  are  of  iron,  and  are 
arranged  nearly  as  they  would  be  in  an  ordinary  iron- 
built  ship ;  the  frames  and  beams  being  of  the  same 
kind  and  dimensions,  and  spaced  at  the  same  distances 
apart,  with  bulkheads  of  the  usual  number  and  con¬ 
struction.  The  keel,  stem,  outside  planking,  and  decks 
are  of  wood.  The  ffiauks  are  put  on  in  two  thicknesses, 
worked  fore  and  aft.  The  first  thickness  is  secured  to 
the  iron  frames  by  f-in.  Muntz’s  metal  bolts  tapped 
into  the  iron,  with  lock-nuts  on  the  points  inside.  The 
bolts  have  slotted  heads,  and  are  screwed  home  against 
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a  shoulder  so  as  to  leave  the  head  below  the  surface  of 
the  plank;  the  cavity  over  the  head  of  the  holt  being 
tilled  with  white  and  red  lead  to  prevent  leakage.  The 
planks  on  both  sides,  as  well  as  the  iron,  are  carefully 
painted.  After  the  first  thickness  of  planks  have  been 
carefully  caulked  between  the  joints  with  oakum,  the 
second  is  laid  on  it,  breaking  joint  with  the  planks  of 
the  first  thickness.  The  planks  of  this  second  thick¬ 
ness  are  fastened  to  those  of  the  first  by  copper  bolts 
driven  through  both  thicknesses,  and  riveted  inside  the 
vessel.  The  joints  between  the  planks  of  the  last 
thickness  are  then  likewise  caulked,  and  the  surface 
below  water  coppered  over.  The  kind  of  wood  used  is 
teak  ;  the  planks  are  about  inches  thick  in  the  first 
thickness,  and  3  inches  in  the  second.  Thev  are  about 
12  inches  wide,  and  there  are  two  bolts, to  every  frame 
through  each  plank  of  the  first  thickness.  The  work 
is  required  to  be  carefully  done,  and  special  attention 
is  necessary  to  see  that  the  iron  is  completely  insulated 
or  cut  off  from  electrical  communication  with  the  copper 
sheathing  and  bolts  used  in  the  structure. 

In  this  system  of  ship  construction  the  same  strength 
of  hull  is  not  expected  to  be  attained  as  when  the  hull 
is  composed  entirely  of  iron,  with  each  skin-plate 
riveted  to  the  next,  and  to  the  frames  and  bottom,  and 
decks  tied  together  by  bulkheads.  The  constructors 
employed  in  building  them,  however,  estimate  the 
strength  of  one  of  these  well-built  composite  vessels  to 
be  from  40  to  50  per  cent,  greater  than  the  strength  of 
a  wood-built  vessel  of  the  same  dimensions ;  besides 
which  the  durability  is  infinitely  greater,  as  there  is  no 
wear  out  of  the  interior  parts,  and  the  skins  are  of  teak, 
which  possesses  durability  equal  to  American  live-oak. 
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CHAPTER  X. 

THE  BEITISH  NAVY.— H.M.  SLOOP  PELICAN  AND  PERKINS’ 
HIGH-PRESSURE  COMPOUND  ENGINE— THE  SWIFT 
CRUISERS  IRIS  AND  MERCURY— COUYETTES  OF  IRON 
AND  STEEL— MEASURED-MILE  TRIALS. 

The  Britisli  Admiralty  has  long  been  noted  for  its 
careful  investigation  of  untried  plans  of  all  kinds  pro¬ 
posed  for  ships  of  the  Royal  Navy.  As  a  rule,  it  only 
adopts  useful  inventions  after  they  have  been  success¬ 
fully  worked  in  the  mercantile  marine ;  a  case  in  point 
being  the  caution  that  was  exercised  in  the  introduction 
of  the  compound  engine.  It  must  therefore  have 
required  exceptionally  strong  proof  to  induce  that 
angust  board  to  make  the  test,  on  a  considerable  scale, 
of  a  system  so  far  in  advance  of  the  present  day  as  the 
Perkins  high-pressure  compound,  and  to  pass  from  70 
pounds  pressure  per  square  inch,  which  was  the  highest 
used  in  boilers  of  the  navy,  to  300  pounds  pressure.  It 
was  a  step  beyond  anything  previously  attempted. 

The  Pelican  is  a  composite  sloop,  of  1,124  tons  dis¬ 
placement,  built  at  Devonport.  Her  steam  machinery 
was  designed  by  the  Yorkshire  Engine  Company, 
under  letters-patent  granted  to  Mr.  Loftus  Perkins,  an 
enterprising  American,  who  has  long  been  established 
as  a  manufacturer  in  London.  The  novelty  of  the 
design  and  the  principles  involved  are  so  unlike  those 
which  have  hitherto  influenced  the  construction  of 
machinery  for  marine  purposes,  that  the  subject  has 
excited  no  small  degree  of  attention  among  persons 
interested  in  naval  and  mercantile  vessels.  The  con¬ 
tract  provides  that  the  vessel  shall  at  the  measured- 
mile  trials,  and  on  the  six  hours’  runs,  develop  900 
indicated  horse-power  and  consume  not  more  than  1^ 
pound  of  coal  per  indicated  horse-power  per  hour. 
The  engines  have  five  cylinders  of'  three  different 
diameters ;  two  high-pressure  of  16  inches  diameter, 
two  medium-pressure  of  32  inches  diameter,  and  one 
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low-pressure  of  56  inches  diameter.  One  high  and  one 
medium-pressure  are  bolted  together,  end  to  end, 
their  pistons  are  on  one  casting;  and  their  common 
piston-rods  work  through  a  stuffing-box  in  the  end  of 
the  medium-pressure  cylinder.  These  cylinders  are 
single-acting,  the  steam  being  admitted  first  to  the 
high-pressure,  thence  on  a  return  stroke  to  the  opposite 
end  of  the  medium-pressure  cylinder,  and  thence 
escaping  into  a  receiver.  The  other  high  and  medium- 
pressure  cylinders  are  bolted  together  in  the  same 
manner  and  are  similarly  acted  upon  by  the  steam. 
The  low-pressure  cylinder  is  double  acting,  and  draws 
its  supply  of  steam  from  the  receiver  into  which  the 
medium-pressure  cylinders  exhaust,  and  exhausts  itself 
into  the  condenser.  As  arranged  in  the  vessel,  the 
cylinders  are  inclined  upwards  in  a  small  degree  towards 
the  ship’s  sides,  but  are  all  on  the  same  side  of  the  ship. 
There  are  three  cranks,  placed  120°  apart,  and  these  are 
coupled  as  follows:  the  after  crank  to  the  common  piston- 
rod  of  one  pair  of  cylinders  of  high  and  medium  pressure, 
the  mid-crank  to  the  piston-rod  of  the  low-pressure 
cylinder,  and  the  forward  crauk  to  that  of  the  other 
pair  of  high  and  medium-pressure  cylinders.  The 
stroke  is  two  feet,  and  the  revolutions  per  minute  are 
intended  to  be  about  100.  The  valves  employed 
throughout  are  of  the  piston  variety ;  the  advantages 
claimed  for  the  method  of  construction  in  these  valves 
being  the  almost  entire  absence  of  friction,  wear,  and 
leakage,  combined  with  a  balanced  valve.  The  surface- 
condenser,  also  patented  by  Mr.  Perkins,  is  constructed 
in  such  a  way  as  to  prevent  the  possibility  of  leakage  of 
the  tubes  when  they  are  correctly  fitted. 

The  tubes  are  galvanized.  The  cooling-tubes  are 
surrounded  by  steam,  and  are  closed  by  welding  up  one 
end,  and  being  accurately  and  permanently  screwed 
into  a  strong  plate  at  the  other.  Each  has  within  it 
a  circulating  tube,  secured  to  a  tube-plate  placed  at  a 
little  distance  from  the  former.  The  circulating  water 
passes  from  the  sea  into  and  through  the  internal  tube 
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and  returns  by  the  annular  space  between  the  two 
tubes,  passing  out  to  the  pumps. 

The  pistons  of  the  steam-cylinders  will  be  made  tight 
by  having  several  l  ings,  or  sets  of  rings,  say  six,  of  hard 
metal ;  each  being  separated  from  the  others  by  what 
the  inventor  terms  intermediate  junk-rings.  These 
rings,  of  Mr.  Perkins’  patent  metal,  are  composed  of 
five  parts  of  tin  and  sixteen  of  copper. 

All  hot  surfaces  of  the  cylinders  and  pipes  are  sur¬ 
rounded  with  a  jacket  of  sheet  iron,  packed  with  vege¬ 
table  black.  Independent  air,  circulating,  and  feed 
pumps  are  to  be  provided,  driven  by  a  separate  pair  of 
engines.  The  boilers  contain  a  nest  of  built-up  tubes, 
placed  horizontally,  close  to  each  other,  and  having  the 
flame  and  gases  passing  around  and  among  them. 
These  tubes  are  3  inches  in  diameter  and  fths  of  an 
inch  thick ;  when  put  together  in  the  boilers,  they  are 
to  be  proved  to  2,5U0  pounds  hydrostatic  pressure  to 
the  square  inch,  and  to  be  worked  at  a  pressure  of  300 
pounds  per  square  inch.  There  is  consequently  an 
enormous  margin  of  safety,  and  every  precaution  is  to 
be  taken  in  building  the  tubes  together  to  insure 
tightness ;  and  their  connections  are  to  be  beyond 
doubt  of  danger  or  waste.  So  also  with  the  engines ; 
they  are  to  be  made  of  the  best  materials,  and  to 
contain  the  be>t  workmanship.  The  water-gauges 
are  to  be  made  of  mica ;  and  to  secure  a  tight  joint, 
between  the  two  plates  of  mica  and  the  two  opposite 
faces  of  the  body  of  the  gauge  there  is  formed  a  narrow 
raised  edge,  against  which  the  mica  is  firmly  pressed 
by  a  metal  plate  applied  to  its  front  face. 

The  first  peculiarity  of  the  Perkins  system  is  the 
extremely  high  pressure  at  which  the  steam  is  worked 
— in  this  case  from  250  to  300  pounds  per  square  inch ; 
and  its  inventor  claims  to  have  quite  overcome  all  the 
difficulties  hitherto  experienced  in  usin,g  steam  at  sea 
above  ordinary  working  pressures.  A  second  peculiarity 
of  the  system  is  the  absence  of  internal  lubrication  with 
either  oil  or  tallow,  thereby  avoiding  the  possibility  of 
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corrosion  by  fatty  acids;  while,  to  prevent  the  wear 
of  the  cylinders  and  slides  which  is  experienced  under 
ordinary  circumstances,  a  metal  of  Mr.  Perkins’  own  is 
used,  whose  composition  and  working  are  reported  as 
most  exceptional.  Another  peculiarity  and  important 
feature  of  the  Perkins  system  consists  in  the  use,  over 
and  over  again,  of  soft  fresh  water  or  rain-water.  The 
continually  recurrent  use  of  pure  water,  not  distilled 
sea-water,  is  claimed  as  the  only  remedy  against  the 
internal  corrosion  of  marine-boilers  supplied  with  water 
from  surface  condensers.  So  much  importance  is 
attached  to  this  point,  that  the  committee  appointed 
by  the  Admiralty  to  investigate  the  subject  of  boiler 
corrosion  were  urgent  in  their  recommendation  to  test 
the  system,  without  loss  of  time,  on  a  scale  sufficiently 
large  for  enabling  correct  conclusions  on  the  subject  to 
be  arrived  at.  Of  course  this  involves  the  necessity  of 
carrying  at  sea  a  supply  of  fresh  water  sufficient  to 
make  up  for  all  waste  accruing  during  a  voyage,  and 
objection  has  been  urged  to  the  system  on  this  account ; 
but,  on  the  other  hand,  it  is  alleged  that  all  joints  are 
made  mathematically  true  and  tight,  as  is  shown  by 
the  boilers  and  engines  now  in  operation ;  and  that 
hence  the  leakage  will  be  reduced  to  a  minimum. 
This  will  be  the  first  attempt  to  use  steam  of  300 
pounds  pressure  at  sea;  and  while  an  expression  of 
opinion  would  be  premature,  it  is  proper  to  state  that 
Mr.  Perkins  has  been  entirely  successful  in  his  land,- 
engines  built  on  the  same  system,  one  of  which  has 
been  continuously  employed  at  his  works  for  fourteen 
years,  using  steam  at  500  pounds  pressure  per  square 
inch.  The  tubes  of  this  boiler,  cut  out  after  thirteen 
years’  service,  were  found  to  be  in  a  remarkable  state 
of  preservation,  as  were  also  the  piston-packing  and 
valve  -  rings,  which  had  been  at  work  eighteen 
months  without  lubrication  since  the  previous 
examination. 

Besides  the  land-engines  manufactured  by  Mr. 
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Perkins,  he  has  built  and  kept  during  the  last  few 
years,  for  his  own  use,  a  small  yacht,  the  Emily, 
engined  on  his  own  system.  The  engines  are  worked 
with  a  boiler-pressure  of  500  pounds  per  square  inch. 
The  number  of  cylinders  is  six  ;  two  high-pressure,  two 
intermediate,  and  two  low-pressure.  The  high  and 
intermediate  pressure  cylinders  are  single-acting,  the 
latter  exhausting  into  a  chamber  from  which  the  low- 
pressure  cylinder  is  supplied.  The  steam  is  expanded 
24  times,  and  the  expenditure  of  fuel  is  a  little  over 
1  pound  of  coal  per  horse-power  per  hour. 

Mr.  Perkins  has  also  engined  one  of  the  Thames  tug¬ 
boats  on  his  high-pressure  double-compound  system. 
This  boat  has  a  length  of  69  feet,  with  a  beam  of 
14  feet  6  inches,  and  a  draught  of  water  of  12  feet. 
There  is  in  this  case  a  pair  of  engines  working  a  screw 
8  feet  6  inches  in  diameter,  and  of  11  feet  6  inches 
pitch.  The  cylinders  are  four  in  number,  with 
diameters  of  15  and  80  inches,  and  the  working  pressure 
is  250  pounds  per  square  inch.  It  was  after  the 
inspection  of  this  boat,  the  yacht  Emily,  and  Mr. 
Perkins’  land-engines  that  the  committee  appointed 
by  the  Admiralty  recommended  the  system  to  be 
tested  on  a  considerable  scale  in  one  of  Her  Britannic 
Majesty’s  vessels. 

In  consideration  of  the  high  endorsement  Mr.  Perkins’ 
system  has  received,  and  the  test  to  be  made  by  the 
Admiralty,  the  sea-trials  of  the  Pelican  will  attract 
unusual  interest.* 

The  two  sister  ships.  Iris  and  Mercury,  under  con¬ 
struction  at  Pembroke  Dockyard,  to  be  completed 
in  1878,  are  being  built  of  steel,  and  are  termed 
armed  steel  dispatch-vessels.  They  are  the  first  of  a 

*  Since  this  was  written,  we  understand  that  disagreements  have 
arisen  between  the  manufacturers  of  the  machinery  and  Mr.  Perkins, 
which  have  prevented  the  engines  intended  for  the  Pelican  from  being 
completed.  The  parts  that  were  already  made  have  been  broken  up, 
(Ed.) 
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new  type  designed  primarily  for  high  speed ;  all  other 
requirements  being  subordinated  to  this  important 
element. 

The  model  from  which  they  are  being  built  has  a 
beautiful  sharp  bow,  a  long,  exceptionally  clean  run, 
and  is  altogether  an  admirable  specimen  of  a  design  for  a 
swift  and  lightly-sparred  vessel.  The  general  dimensions 
are  as  follows :  length  between  perpendiculars,  300  feet ; 
breadth,  extreme,  46  feet ;  mean  load-draught,  20  feet ; 
and  displacement  at  this  draught,  3,693  tons.  The 
bottoms  are  double  over  the  space  occupied  by  the 
engines  and  boilers.  The  depth  between  the  outer  and 
inner  skins  is  nearly  4  feet  at  the  middle  of  its  length, 
and  is  reduced  in  depth  towards  the  ends.  There  will  be 
the  usual  transverse  water-tight  bulkheads,  by  which 
the  bottoms  and  decks  are  tied  together,  and  strength 
and  stiffness  added  to  the  structure ;  but  the  limited 
beam — 46  feet — prohibits  the  introduction  of  a  longi¬ 
tudinal  bulkhead  extending  from  stem  to  stern,  which 
would  prove  a  source  of  strength  very  desirable  for 
a  vessel  built  comparatively  lightly,  and  intended  to 
endure  the  immense  strain  of  the  extraordinary  engine- 
power  that  is  required  in  this  case. 

Viewing  the  Iris  with  the  frames  in  place,  and  the 
bottoms  plated,  the  scantlings  appeared  exceedingly 
light.  The  amount  of  reduction  allowed  on  account  of 
the  superior  strength  of  steel  over  iron  is  not  known, 
but  it  cannot  be  far  from  25  per  cent.  The  tensile 
strength  of  the  steel  being  used  is  considerably  more 
than  this  over  iron,  yet  in  rigidity  the  thicker  iron 
plates  would  have  some  advantage.  The  plating 
below  the  water-line  is  ^  inch  thick,  garboard- 
strakes  excepted,  which  are  f  inch  thick.  Above 
the  water-line  the  thickness  of  the  plating  is  a  little 
reduced. 

The  engines  of  the  Iris  are  under  construction  by 
Messrs.  Maudslay,  Sons,  &  Field,  of  London.  They  Mill 
consist  of  two  pairs  of  four-cylinder  compound  engines, 
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one  to  each  of  the  two  screw-propellers.  They  are  to 
be  of  a  similar  type  to  those  made  by  this  firm  for  the 
White  Star  Line  of  steamers,  except  that  they  are  to 
be  placed  in  a  horizotital  position,  and  the  detailed 
arrangements  made  accordingly.  The  diameter  of  the 
high-pressure  cylinders  is  41  inches,  the  diameter  of 
the  low-pressure  cylinders  75  inches,  and  the  stroke 
2  feet  9  inches.  Tlie  diameter  of  the  crank-sliafts  at 
the  bearings  is  16^  inches.  The  propeller-shafts, 
except  the  aftermost  lengths,  are  made  hollow, 
of  Whitworth’s  fluid  compressed  steel,  with  solid 
couplings.  The  diameter  of  these  shafts  is  to  be  11^ 
inches  inside  and  17  inches  outside,  exclusive  of  the 
brass  casings.  The  length  of  the  twin-screw  shafts, 
partly  outside  the  vessel,  is  somewhere  about  5U  feet. 
They  are  of  solid  wrought  iron,  16^  inches  in 
diameter. 

The  tubes  through  the  stern,  as  well  as  outside,  and 
the  casing  of  the  shafts,  will  be  of  gun-metal.  Lignum- 
vitse  will  be  used  at  both  ends  of  the  stern-tubes,  as 
well  as  in  the  lubes  through  the  outer  brackets.  There 
will  also  be  annular  thrust-rings  with  lignum-vitm 
facings  fitted  at  the  alter  ends  of  the  stern-tubes,  to 
assist  in  taking  the  thrust  of  the  screws.  It  is  intended 
to  give  the  screw-propellers  a  diameter  of  18  feet 
6  inches,  and,  in  common  with  other  twin-screws  they 
will  revolve  outwards. 

The  boilers  are  twelve  in  number,  eight  of  which 
are  elliptical  in  section  and  four  circular.  Six  of 
them  are  12  feet  6  inches  by  13  feet  6  inches,  and 
9  feet  7  inches  long ;  two  are  12  feet  6  inches  by 
13  feet  3  inches,  and  7  feet  6  inches  long ;  and  four 
are  11  feet  2  inches  in  diameter  by  9  feet  6  inches 
long. 

The  grate-surface  is  700  square  feet,  and  the 
heating-surface  15,960  square  feet.  The  pressure  of 
steam  is  to  be  60  pounds  per  square  inch.-  The  space 
occupied  by  the  machinery  and  coals  is  the  whole 
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width  of  the  vessel  and  150  feet  in  length — ^just  one- 
half  of  the  length  of  tlie  vessel,  in  the  most  important 
part. 

The  coal-earrying  capacity  is  intended  to  be  sufficient 
.  to  enable  the  vessel  to  steam  6,200  miles  at  the  rate 
of  10  knots  per  hour,  or  8,600  miles  at  8  knots  per 
hour. 

The  engines  for  each  propeller  are  to  develope  a 
maximum  indicated  horse-power  of  3,500,  giving  an 
aggregate  indicated  power  of  7,000  horses  for  both 
sets  of  engines ;  and  the  speed  is  to  be  17  knots  per 
hour  for  twenty-four  hours  consecutively  at  sea.  These 
ships  are  to  have  three  masts,  to  be  lightly  sparred, 
and  the  armament  of  each  is  to  be  ten  guns  of  calibres 
not  yet  decided  upon.  The  power  to  be  applied  to  the 
propellers  of  these  ships  is  considerably  more  than  was 
ever  before  put  in  hulls  of  their  dimensions ;  and, 
while  no  doubt  exists  as  to  obtaining  the  estimated 
speed,  it  remains  to  be  seen  whetlier  the  hulls  have 
the  strength  to  endure  for  any  length  of  time  the 
immense  strain  of  7,000  horse-power. 

The  Iris  and  Mercury  will  be  the  first  armed  war- 
vessels  constructed  of  steel.  The  keels  are  of  iron, 
but  the  component  parts  of  the  hull  proper,  frames, 
beams,  and  plating,  and  the  masts,  are  all  of  steel. 
In  consideration  of  the  uncertainty  with  regard  to 
steel  as  a  material  for  ship  construction,  unusual 
care  was  exercised  in  selecting  manufacturers  for  it. 
Some  months  were  devoted  to  testing  specimens  of 
steel  supplied  by  the  most  eminent  firms  in  the  king¬ 
dom  before  a  decision  was  arrived  at  ;  the  result 
being  that  the  contract  was  given  to  the  Landore 
Steel  Company,  in  South  Wales,  some  forty  or 
fifty  miles  from  Pembroke  Dockyard.  This  com¬ 
pany  has  the  contract  for  the  whole  supply,  under 
very  rigid  requirements.  The  steel  is  made  according 
to  the  Siemens  process.  Its  chief  characteristics,  and 
those  which  give  it  its  special  value  for  ship-building 
purposes  are,  its  extreme  ductility  when  cold,  its 
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ability  to  stand  punching  without  appreciable  loss  of 
streugth  between  the  rivet-holes,  its  not  requiring  to 
be  annealed  after  shearing  or  punching,  its  having  a 
smoother  surface  than  iron,  its  capability  of  being  easily 
forged  and  worked  hot,  its  uniformity  of  quality,  and  its 
strength  both  along  and  across  the  grain.  The  most 
remarkable  point  in  connection  with  this  steel  is  the 
fact  that  punching  produces  scarcely  any  injury  to  the 
material  in  the  neighbourhood  of  the  holes,  and  that 
annealing  the  plates  and  angles  after  punching  and  shear¬ 
ing  is  not  necessary ;  without  this  quality,  which  has 
not  been  hitherto  obtained,  steel  cannot  possibly  make 
headway  with  ship-builders,  for  annealing  cannot  be  de¬ 
pended  upon  in  an  ordinary  ship-building  yard.  There¬ 
fore,  when  the  problem  is  to  combine  the  greatest 
speed  with  the  smallest  dimensions  in  a  vessel,  this 
Landore  steel  is  a  material  admirably  suited  for  the 
purpose — it  is  stronger  than  iron  by  from  25  to  30  per 
cent.,  and  equal  in  ductility  to  iron  of  the  best  quality. 
The  requirements  of  the  Admiralty  as  to  the  materials 
supplied  under  their  contract  with  the  Landore  Steel 
Company  are  as  follows:  — 

‘‘From  every  plate  made  a  strip  is  to  be  cut,  which, 
after  being  heated  to  a  ‘  cherry  red  ’  colour,  shall  be 
plunged  into  water  having  a  temperatui  e  of  82°  Fah¬ 
renheit.  xVfter  being  thus  cooled,  the  strip  is  to  be 
bent,  without  fracture,  until  the  radius  of  the  inner 
curve  equals  not  more  than  1^  times  the  thickness  of 
the  strip.  This  is  known  a  s  the  ‘  tempering  test.’ 
Further,  from  each  lot  of  50  plates  or  angles  a  piece 
is  to  be  taken,  and  the  edges  having  been  planed 
parallel,  its  tensile  strength  is  to  be  proved.  To  be 
satisfactory,  this  must  not  exceed  30  tons  nor  be  less 
than  26  tons  on  the  square  inch,  and  before  fracture 
takes  place  there  must  be  an  elongation  of  not  less 
than  20  per  cent,  on  8  inches  of  its  original  length. 
These  tests  are  applied  in  the  presence  of  a  resident 
representative  of  the  government.” 

“  Up  to  April  1876,  101  samples,  representing  over 
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5,000  plates  or  angles,  have  been  subjected  to  the 
tensile  test,  with  the  following  results  : — 


Number  of  test 
pieces. 

Breaking  strain  in  tons, 
per  square  inch. 

Avei'age  elongation 
in  8  inches. 

1 

25  to  26 

Irchps. 

2-00 

20 

26  to  27 

2-00 

24 

27  to  28 

2-03 

28 

28  to  29 

1-93 

24 

29  to  30 

1-89 

2 

30  to  31 

1-96 

2 

31 

1-78  ' 

101 

Mean,  28*16  tons. 

1'94  inches,  or  24 '25 

per  cent. 

“  The  tensile  strength  of  best  best  iron  is  22  tons 
when  tested  with  the  grain,  and  18  tons  when  tested 
crosswise.  In  certain  experiments  by  Mr.  Kirkaldy  on 
two  very  fine  plates  manufactured  at  Borsig’s  Works, 
Berlin,  and  stated  to  be  homogeneous,  the  tensile 
strength  was  found  to  be  lengthwise  23‘84  tons,  and 
crosswise  22'6  tons.  When  similarly  tested  the 
Bandore  steel  gave  lengthwise  28*85  tons,  crosswise 
28*2  tons  ;  the  comparison,  therefore,  stands  thus : — 


B  B  iron. 

Borsig’s  plates. 

Landore  plates. 

Tons. 

Tons. 

Tons. 

Lengthwise 

22 

23*84 

28*85 

Crosswise 

18 

22*60 

28*20 

Difference  | 

4  tons,  or  18*18 

1  *  24  tons,  or 

•  65  tons,  or  2*59 

per  cent. 

5*20  per  cent. 

per  cent. 

“  Therefore,  taking  the  lowest  tensile  strength  of 
best  iron  and  of  Bandore  steel,  there  is  a  difference  in 
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favour  of  the  latter  of  10‘20  tons,  or  tlie  Landore  steel 
is  56‘6  per  cent,  stronger  than  the  best  iron.” 

There  are  numerous  tested  specimens  of  this  steel 
at  Pembroke  Dockyard  which  prove  the  fact  that  it 
can  be  easily  manipulated.  The  officers  in  charge  of 
the  work  state  that  welding  can  be  successfully  effected.* 
In  addition  to  the  qualities  claimed  for  this  steel,  it  is 
represented  that  a  series  of  experiments  extending  over 
about  three  years,  carefully  conducted  at  the  Terre 
IS’oir  works,  had  established  the  fact  that  when  exposed 
to  the  action  of  sea-water  this  soft  steel  suffered  by 
corrosion  only  in  the  proportion  of  60  to  140,  as  com¬ 
pared  with  the  effect  of  similar  treatment  upon  iron 
plates.  I  do  not  know  of  any  boilers  made  from  this 
steel ;  but  it  would  seem,  in  consideration  of  the  rapid 
decay  of  the  plates  of  iron  boilers  consequent  upon  the 
use  of  redistilled  sea-water,  that  a  liberal  expenditure 
in  this  direction  would  be  wise. 

Soon  after  the  Iris  and  Mercury  were  ordered,  a 
distinguished  English  writer  made  the  following  re¬ 
marks  in  a  London  magazine  : — 

“  It  is  forgotten  that  by  the  declaration  of  Paris  the 
field  of  operations  is  much  restricted  as  regards  either 
the  necessity  for  protecting  our  own  commercial 
marine  or  the  possibility  of  injuring  an  enemy’s  com¬ 
merce.  This  declaration,  to  which  most  European 
maritime  powers  adhered,  but  which  the  United  States 
did  not  join  in,  is  a  contract  to  respect  private  pro¬ 
perty,  not  being  contraband  of  war,  if  carried  in  ships 
bearing  a  neutral  flag.  .  .  .  Many  advantages  to 
this  country  result  from  the  declaration,  although 
serious  disadvantages  press  upon  shipowners,  and  our 
position  as  the  chief  maritime  carriers  must  suffer. 
On  tlie  other  hand,  it  must  be  noted  that  the  Unitt'd 
States  and  England  are  under  no  such  mutual  obliga¬ 
tions,  and  with  the  rankling  recollection  of  the  mi'chief 
done  by  the  Alabama  and  her  consorts  to  their  own 

f 

*  This  account  of  Landore  steel  is  chiefly  from  a  paper  by  Mr. 
Eiley,  the  manager  of  the  works. 
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mercantile  marine,  Americans  never  miss  an  oppor¬ 
tunity  of  expressing  their  intention  to  make  similar 
attacks  on  British  commerce  in  case  of  war,  so  that 
England  is  hound  always  to  maintain  an  unarmoured 
fleet  more  powerful  than  that  of  the  United  States,  and  not 
to  allow  individual  unarmoured  ships  in  her  navy  to  he  sur¬ 
passed  in  speed  or  power  hy  vessels  of  the  American  navy,”  * 

The  following  vessels  now  build. ng  are  also  con¬ 
structed  of  steel,  and  are  sheathed  with  wood  in  the 
usual  manner,  viz. :  Garysfort,  Cleopatra,  Conquest, 
Champion,  Gomus,  Curagoa. 

Tlieir  length  between  perpendiculars  is  225  feet ; 
breadth,  extreme,  40  feet  ;  depth  of  hold,  21  feet 
6  inches  ;  and  displacement,  2,300  tons. 

The  material  employed  in  the  construction  of  their 
hulls  will  be  chiefly  steel.  The  principal  water-tight 
bulkheads  will  be  four  in  number.  There  will  be  two 
decks  ;  and,  for  the  purpose  of  protecting  the  ma¬ 
chinery,  the  lower  deck,  for  the  distance  extending 
over  the  engines  and  boilers,  will  be  armoured  with 
1^-inch  steel  plates. 

These  vessels  are  to  be  fully  rigged  as  cruisers,  and 
to  be  fitted  with  single  screw-propellers  arranged  for 
lifting. 

The  engines  are  to  be  of  the  compound  type,  having 
as  great  power  as  the  dimensions  of  the  vessel  will 
admit. 

The  speed  of  all  steam-vessels  belonging  to  the 
British  navy  is  tested  by  running  them  over  a  mea¬ 
sured  mile  in  Stokes  Bay,  near  Portsmouth.  The 
indicated  horse-power  of  new  engines,  as  stipulated  by 
contract,  is  also  determined  on  the  runs  over  this 
course.  The  noteworthy  points  in  the  regulations  for 
these  trials  are  as  follows  : — 

“  Her  Majesty’s  ships  are  to  be  tried  on  the  measured 
mile  on  the  following  occasions  : — 

“  1st.  After  having  new  engines  erected. 

“  2ud.  After  every  extensive  repair  of  engines. 

*  This  was  the  policy  which  dictated  the  constructiou  of  the  Incon~ 
ttant  and  Shah.  (Ed.) 
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“  3rd.  On  being  commissioned  when  all  their  weights 
are  on  board. 

“  4th.  When  trials  may  be  ordered  on  special  occa¬ 
sions.  .  .  . 

“  Ships  in  the  first  division  of  the  reserve  are  to  be 
tried  under  way  once  every  year  during  summer  for 
not  less  than  six  hours  ;  but  it  is  not  required  that 
they  be  taken  to  the  measured' mile  for  the  purpose, 
and  their  trial  at  full  speed  need  not  be  of  longer 
duration  than  four  hours.  .  .  .  The  trials  of  ships  at 
the  measured  mile  are  to  be  conducted  under  the 
charge  of  the  captain  or  commander  of  the  reserve, 
who  is  to  be  accompanied  by  the  constructor,  an 
engineer  officer  from  the  yard,  and  the  chief  inspector 
of  machinery  afloat.  ...  As  a  rule  the  trials  should 
not  take  place  when  the  force  of  wind  exceeds  3.  .  .  . 
No  other  coal  is  to  be  used  while  running  the  mile 
than  the  coals  specially  ordered  by  the  Admiralty.  .  .  . 
The  best  trained  stokers  that  can  be  selected  from  the 
reserve  are  to  be  employed. 

“  On  the  full-power  trials  of  ships  at  the  measured 
mile,  the  engines  and  boilers  are  to  be  worked  to  the 
utmost  extent  of  their  capabilities,  not  only  when 
running  the  mile,  but  the  whole  of  the  intervals 
between  the  several  runs. 

“  In  the  intervals  between  the  runs,  ships  are  to  be 
run  well  away  from  the  marks,  so  as  to  ensure  the 
attainment  of  full  speed  on  their  return  to  them. 

“  Steam  must  not  be  partially  shut  off  when  the  ship 
is  not  on  the  mile  in  order  to  obtain  a  higher  result 
when  she  is  on  the  mile.  .  .  .  Indicator-diagrams  are 
to  be  taken,  as  nearly  as  possible,  at  equal  iutervals  of 
time  during  each  run,  in  order  to  obtain  the  real  mean 
pressure  in  the  cylinders.  .  .  .  The  revolutions  of  the 
engines  during  each  run  are  to  be  taken  by  the 
counter. 

“  If,  during  the  trial,  any  defects  should  occur  to  the 
machinery  or  the  ship,  the  trial  is  to  cease  ;  a 
new  series  of  trials  being  commenced  when  the  defects 
shall  have  been  made  good. 
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“  If  the  boilers  should  prime  so  that  they  caunot  be 
worked  at  full  power,  even  at  the  close  of  the  trial,  it 
is  to  be  considered  as  unsatisfactory,  and  the  trial  is  to 
be  repeated. 

“  Whenever  irregularities  occur  in  running  the  mea¬ 
sured  mile,  either  at  full  or  half  power,  the  officers  are 
to  repeat  the  runs  until  the  results  agree  one  with  the 
other  so  nearly  as  to  leave  no  reasonable  doubt  of  their 
substantial  accuracy. 

“  When  ships  which  have  new  engines  not  yet  received 
from  the  contractor  are  under  trial  at  the  measured 
mile,  the  engines  and  boilers  during  the  trial  are  to  be 
under  the  charge  of  the  contractor  or  his  agent,  who  is 
to  have  the  whole  responsibility  and  management ;  .  .  . 
but  the  trial  is  to  be  conducted  in  strict  accordance 
with  the  regulations  laid  down  for  all  trials  at  the 
measured  mile,  and  the  engineer  officers  will  be  re¬ 
sponsible  that  the  regulations  are  never  deviated  from. 
.  .  .  Full  and  detailed  reports  of  the  results  of  the 
trial  of  each  ship  at  the  measured  mile  are  to  be  made 
in  the  prescribed  forms  and  forwarded  to  the  Admiralty. 
A  tracing  of  the  screw-propeller  is  to  be  annexed 
thereto,  also  a  set  of  original  indicator-diagrams  for 
one  mile  only.  ...  In  all  reports  of  trials  it  is  to  be 
stated  whether  the  engines  and  boilers  did  or  did  not 
work  in  a  satisfactory  manner,  and  are  or  are  not  in  all 
respects  fit  for  service  at  sea.  If  the  trial  should  not 
have  been  satisfactory,  the  reason  is  to  be  stated  and 
the  time  it  will  take  to  render  the  machinery  fit  for 
service  at  sea. 

“  When  the  ship  tried  is  in  commission,  the  reports 
are  to  be  signed  by  the  captain  and  chief  engineer 
of  the  ship,  as  well  as  by  the  officers  of  the  reserve 
and  the  dock-yard.” 

•  ■•••• 

“  After  every  trial  of  a  ship  in  commission,  and  before 
proceeding  to  sea,  the  ship  is  to  run  into  the  harbour  for 
at  least  24  hours,  and  be  carefully  examined  by  ship¬ 
wright  and  engineer  officers  of  the  yard,  to  ascertain 
that  there  are  no  defects  and  a  report  made.  These 
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reports  are  to  be  signed  by  the  dock-yard  officers  who 
made  the  examination,  the  chief  constructor,  and  the 
chief  engineer  of  the  dock-yard ;  also  by  the  officer  in 
command  of  the  ship,  and  the  chief  engineer  of  the 
ship,  and  are  to  be  accompanied  by  any  remarks  which 
the  superintendent  may  think  proper  to  offer.” 

“  Besides  the  above  trials,  it  is  directed  that  the 
engines  of  all  ships  in  commission  for  service  at  sea 
are  to  be  worked  at  full  power  twice  during  each  year 
by  their  own  complement.  The  first  full-power  trial  is 
to  be  made  when  the  ship  is  commissioned  ready  for  sea, 
after  the  dock-yard  trials  to  test  the  machinery  have 
been  made,  and  is  to  be  of  six  hours’  duration.” 

In  reviewing  the  above  and  considering  the  subject, 
it  may  be  questioned  whether  the  system  thus  pre¬ 
scribed  for  testing  the  strength  and  power  of  propelling 
machinery  and  the  speed  of  a  vessel  is  not  seriously 
objectionable ;  and  whether  any  practical  purpose  is 
served  by  it. 

It  has  been  seen  that  the  coal  used  on  the  trials  is  of 
the  very  best  quality ;  that  the  firemen  employed  are 
the  best  trained  and  most  expert  in  the  service ;  that 
the  machinery  is  placed  in  the  most  complete  order, 
and  that  under  these  conditions  the  engines  and  boilers 
are  forced  to  the  utmost  extent  of  their  capabilities, 
the  time  engaged  in  running  the  measured  mile 
being  only  a  few  minutes.  Now,  it  may  reasonably 
be  asked  whether  the  excessive  strain  to  which  the 
machinery  is  subjected  while  undergoing  this  severe 
test  does  not  leave  weakness  in  some  hidden  parts, 
and  is  not  the  cause  of  defects  subsequently  ex¬ 
posed.  Furthermore,  as  the  engines  can  never  under 
any  possible  conditions  be  worked  at  sea  for  any  ex¬ 
tended  time  up  to  the  measured-mile  speed,  it  may  be 
asked  what  practical  purpose  is  served  by  it,  except 
that  of  recording  a  speed  never  afterwards  attainable 
under  any  other  conditions.*  It  may,  moreover,  be 

Trials  at  the  measured  mile,  when  the  greatest  possible  power  is 
got  out  of  a  vessel’s  engines,  furnish  the  best  means  that  ean  be  obtained 
for  determining  the  relative  speeds  of  different  ships.  The  average 
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instructive  as  regards  tlie  speed  of  the  armoured  ships, 
to  refer  to  the  proceedings  of  the  court-martial  held  at 
Devonport  in  September  1875,  to  inquire  into  the  loss 
of  Her  Majesty’s  ship  Vanguard  by  collision  with  a 
sister  ship,  the  Iron  DuJce,  olf  the  coast  of  Ireland,  on 
the  1st  of  that  month. 

The  commanding  officer  of  the  Iron  Buhe,  Captain 
Hickley,  being  sworn  and  examined,  testified  as  follows 
to  questions : — 

“7(18.  It  is  stated  in  the  steam  register  that  at  12'30 
Iron  Buke  was  going  fifty-four  revolutions  ;  what  speed 
would  that  produce  ? — Answer.  Eight  knots. 

“769.  And  at  12‘40  sixty  revolutions;  what  speed 
would  that  produce? — Answer.  Eight  and  one-half 
knots,  or  under.  And  I  may  refer  to  the  log  of  the 

speed  that  will  be  afterwards  obtained  on  long  runs  is  less  than  this, 
but  the  percentage  of  reduction,  so  long  as  the  engines  and  boilers 
remain  in  good  working  order,  and  the  bottom  of  the  ship  remains 
clean,  is  pretty  uniform,  and  is  not  difficult  to  estimate.  Indeed, 
Mr.  King  himself,  on  page  90,  estimates  the  average  speed  of  a  vessel 
over  a  run  of  24  hours  at  Ij  knot  per  hour  less  than  is  given  on  the 
measured-mile  trials.  We  should  put  the  reduction  down  at  less  than 
this  ;  but  whatever  it  is,  the  average  speed  of  a  ship,  when  doing  her  best 
over  a  long  run,  can  be  pretty  correctly  inferred  from  the  measured- 
mile  speed.  So  far,  however,  from  the  engines  being  worked  on 
measured-mile  trials  beyond  what  is  necessary,  it  is  sometimes  found 
that  greater  power  is  developed,  after  the  engines  have  been  working 
some  time,  and  have  got  thoroughly  to  their  bearings,  than  is  done  on 
the  measured  mile.  If  trials  were  made  under  less  stringent  conditions 
than  the  usual  measured-mile  trials,  the  sources  of  error  would  be 
more  numerous  than  now  exist,  as  it  would  be  extremely  difficult 
to  ensure  only  a  certain  proportion  of  the  maximum  power  being 
developed.  Of  course  any  failing  off  in  a  ship’s  speed  from  fouling, 
or  from  defects  or  deterioration  in  the  engines  and  boilers,  would  be 
left  out  of  account  as  much  in  one  case  as  in  the  other. 

The  measured-mile  trials,  by  putting  as  great  a  strain  on  the  machi¬ 
nery  as  pos.>ible,  is  most  useful  as  a  proof  test.  At  any  rate,  it  is  one  of 
the  chief  objects  of  these  trials  to  test  the  machinery  as  much  as 
possible;  and  by  so  doiug  the  same  plan  is  adopted  as  is  usual  in 
testing  any  other  machinery  or  boilers,  or  any  mechanical  structures. 
Mr.  King’s  objection  would  apply  as  strongly  to  testing  any  other 
material  or  mechanism  beyond  its  ordinary  working  strain  as  to  marine 
engines.  But,  as  we  have  said,  the  power  developed  by  the  engine's 
on  the  measured  mile  is  sometimes  exceeded  under  ordinary  working 
conditions  ;  so  that  as  a  test  the  measured-mile  trials  are  certainly  not 
unduly  severe.  (En.) 
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23rd  of  August,  that  on  leaving  Loch  Swilly  under  full 
speed  to  pick  the  squadron  up,  she  was  going  eight  and 
one-half  knots  at  sixty  revolutions. 

“770.  What  was  the  state  of  the  weather  on  that 
occasion  ? — Answer.  V ery  fine.” 

•  ••••• 

“816.  How  many  revolutions  do  Iron  Dukes  engines 
go  at  their  utmost  speed^ — all  boilers  ? — Answer.  The 
only  opportunity  I  had  of  judging  was  on  the  23rd  of 
August,  and  on  a  short  trial  we  had  to  test  the  engines ; 
sixty-three  revolutions  was  the  utmost  we  could  get, 
with  most  indifferent  stokers.” 

•  ••**■ 

J.  D.  Charter,  engineer  in  Her  Majesty’s  ship  Iron 
Duke,  being  sworn  and  examined,  testified  as  follows  to 
questions :  — 

“  1076.  What  is  the  pitch  of  your  screws? — Answer. 
Twenty-one  feet. 

“  10'77.  What  is  the  slip  percentage  in  calm  weather  ? 
— Answer.  The  slip  varies  according  to  the  number  of 
revolutions  we  are  making. 

“  1078.  Fixing  your  revolutions  at  sixty,  what  is  the 
slip? — Answer. — About  15  per  cent. 

“1079.  Going  at  sixty  revolutions  with  a  screw  of 
21  feet  pitch,  what  speed  would  that  give  ? — Answer. 
About  ten  and  one-half  knots.” 

Taking  the  pitch  of  the  screws  and  the  revolutions 
as  above  given,  it  appears  from  the  testimony  of  the 
captain  that  about  8‘92  knots  was  the  maximum  speed 
that  could  be  obtained  by  the  Iron  Duke,  while  from  the 
testimony  of  Engineer  Charter  it  would  appear  that  a 
speed  of  about  li'02  knots  was  possible  when  working 
the  engines  to  the  utmost. 

Now  by  referring  to  the  tables  of  armoured  ships  in 
this  report  it  will  be  seen  that  the  speed  of  the  Iron 
Duke  on  the  measured  mile  was  13‘6  knots.  This  great 
discrepancy  could  not  be  owing  even  in  a  small  degree 
to  foulness  of  the  iron  bottom  (the  bottom  is  not 
sheathed  with  wood),  for,  if  so,  the  slip  of  the  screw 
would  have  veij  largely  exceeded  15  per  cent. 
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It  appears,  also,  from  the  testimony  given  before 
the  same  court  by  the  commanding  officer  of  Her 
Majesty’s  ship  Vanguard,  Captain  Dawkins,  that  the 
maximum  speed  of  that  ship  was  nine  knots  or  there¬ 
abouts.* 

It  may  probably  be  unfair  to  make  an  abatement 
for  the  speed  of  all  British  armoured  ships  in  accord¬ 
ance  with  those  sworn  to  for  the  Iron  DuJce  and  the 
Vangioard ;  but  from  the  testimony  in  these  two  cases, 
we  may  reasonably  conclude  that  a  wide  margin  exists 
between  the  speeds  of  the  ships  at  the  measured-mile 
trials,  and  the  maximum  speed  that  can  be  obtained 
when  cruising  at  sea. 

'fhe  real  speed  of  a  ship  is  that  recorded  under  full 
power  at  sea  in  ordinary  weather  during  12  to  24  hours 
consecutively,  and  of  this  but  little  is  known  of  any 
ships  of  the  British  navy.f 

In  consideilng  this  subject  it  may  be  well  to  re¬ 
member  that  the  “indifferent  stokers”  referred  to  as 
being  on  board  the  Iron  Duke,  although  inferior  to 
those  employed  on  the  measured-mile  trials,  are  far 
superior  to  the  firemen  that  have  been  employed  in 
American  naval  vessels  within  seven  or  eight  years. 


CHAPTEE  XI. 

THE  COST  OF  BRITISH  ARMOURED  SHIPS. 

The  account  rendered  of  the  cost  of  the  construction 
or  repair  of  a  vessel  or  its  machinery  in  one  of  the 
United  States  navy  yards  is  that  of  the  actual  labour 
and  material  entering  into  such  construction  or  repair ; 

*  These  statements  respecting  the  speeds  of  the  Iron  Duke  and 
Vanguard  are  veiy  untrustworthy,  as  the  discrepancy  between  them 
shows;  and  it  must  be  remembered  that  not  only  were  the  stokers 
“  most  indifferent,”  but  that  the  boilers  of  these  ships  were,  at  the 
time  referred  to,  six  years  old.  (En.) 

t  The  speed  of  every  ship  is  measiu-ed  by  a  run  of  six  hours’  con¬ 
tinuous  steaming. 
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no  account  being  taken  of  the  cost  of  plant,  tools,  ap¬ 
pliances,  fuel,  &c,,  used  in  connection  therewith. 

In  the  British  navy  a  different  system  prevails.  A 
nominal  percentage  is  added  to  the  actual  cost  of 
labour,  materials,  and  stores  entering  into  the  construc¬ 
tion  of  the  vessel,  to  cover  what  is  believed  to  be  the 
ship’s  share  of  the  cost  of  maintenance  of  the  plant, 
appliances,  materials,  &c.,  necessarily  employed  in  the 
dock-yards  as  ship-building  establishments.  This 
nominal  percentage  differed  materially  in  the  years 
prior  to  1866,  but  since  that  time  a  bulky  volume  has 
annually  been  presented  to  Parliament,  containing  up¬ 
wards  of  700  pages  of  figures,  which  gives  in  great 
detail  information  of  a  definite  character  as  to  the  cost 
of  building  and  repairing  every  vessel  in  the  British 
navy.  This  information  was,  to  some  extent,  in  exist¬ 
ence  before  1866,  but  it  could  not  be  regarded  as 
trustworthy  for  purposes  of  comparison.  It  depended 
too  much  upon  the  results  of  individual  judgments, 
which  were  arrived  at  by  taking  the  actual  cost  of 
maintaining  the  dock-yards  and  their  plant  and  dis¬ 
tributing  it  rateably  over  the  dock-yard  construction 
and  repairs  of  ships.  Thus,  in  comparing  the  cost 
of  the  Achilles  with  that  of  the  Bellerophon ;  as  the . 
former  was  built  when  the  percentage  was  low'  and 
the  latter  when  it  wais  high,  it  w'as  found  that  the 
former  vessel  apparently  cost  considerably  less  than 
the  latter,  though  she  really  cost  considerably  more. 
Since  1866  this  fluctuating  percentage  has  been  ex¬ 
cluded  from  the  accounts,  and  the  details  relating  to 
the  cost  of  ships  have  been  limited  to  the  actual  prime 
cost  of  production ;  or,  in  other  words,  to  the  cost  of 
the  labour,  materials,  &c.,  expended  on  them.  At 
the  same  time,  the  necessary  information  is  given 
for  enabling  a  proper  percentage  to  be  added.  The 
following  extract  from  a  carefully  prepared  article  in 
the  Times  will  be  found  interesting,  showing,  as  it 
does  in  detail,  the  cost  of  construction  and  maintenance 
of  the  British  navy  for  eighteen  years : — 

“  While  it  W'as  difficult  to  assess  beyond  the  reach  of 
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dispute  the  proper  charge  ships  should  bear  as  their 
share  of  the  cost  of  keeping  up  the  dock-yards  and 
machinery  necessary  for  construction  and  repair,  it  was 
not  so  difficult,  though  the  difficulty  must,  necessarily, 
have  been  great  at  first,  so  to  limit  the  items  of  charge 
on  account  of  shipbuilding  as  to  enable  an  effective 
comparison  to  be  made  between  the  estimate  voted  by 
Parliament  and  the  actual  expenditure  incurred  on  our 
fleets  for  construction  and  repair ;  to  be  able,  in  fact, 
to  prepare  an  account  which  should  show  on  one  side 
the  actual  votes  for  labour  and  stores  as  given  in  the 
navy  estimates,  and  on  the  other  side  the  actual  fruit 
of  those  votes  in  dock-yard  work  of  all  kinds.  The 
difficulty,  which  for  years  existed,  of  establishing  any¬ 
thing  like  a  satisfactory  and  direct  relation  between 
the  money  voted  for  ships  by  Parliament  and  the  money 
actually  paid  for  ships  and  expended  upon  ships  by  the 
Admiralty  was  seriously  felt,  and  was  acknowledged  to 
be  a  blot  on  naval  finance ;  but  the  course  taken  by 
Mr.  Childers  guaranteed  this  important  result,  and  on 
this  principle  these  accounts  since  1866  have  been 
framed.  To  make  this  comparison  more  effectual,  the 
navy  estimates  are  now  always  accompanied  by  an 
analysis  of  the  shipbuilding  votes,  or  ‘  retabulation,’ 
as  it  is  called,  which  forms  the  basis  of  the  dockyard 
accounts.  This,  however,  is  not  the  only  result  which 
these  accounts  give.  In  addition  to  the  comparatively 
simple  process  of  setting  off  actual  against  estimated 
expenditure,  an  exhaustive  balance-sheet,  which  pre¬ 
faces  these  accounts,  shows  the  value  of  land,  stock, 
buildings,  and  other  elements  of  property  representing 
the  value  of  our  dock-yards  at  the  commencement  of 
each  year,  with  the  receipts  from  various  sources  on  one 
side  ;  on  the  other,  the  expenditure  of  stores  and  labour 
during  the  year ;  and,  finally,  the  balance  at  the  end 
of  the  year  of  stores  in  hand,  and  of  the  appreciated 
or  depreciated  value  of  dock-yard  property.  Eegarded 
simply  for  the  purposes  they  are  intended  to  serve, 
these  are,  perhaps,  the  most  complete  government 
accounts  to  w'hich  the  public  have  access. 


136 


THE  WAK-SHIPS  OF  EUROPE. 


“  In  endeavouring,  therefore,  to  ascertain  what  iron¬ 
clad  shipbuilding  has  cost  the  country,  it  is  possible  to 
refer  for  eight  successive  years  to  accounts  which  give, 
readily  and  uniformly,  this  information.  While  it  is 
only  since  1866  we  are  able  to  accept  the  figures  in 
these  accounts  as  useful  for  this  purpose,  we  are,  for¬ 
tunately,  previously  to  that  date,  not  left  without  trust¬ 
worthy  information.  Mr.  Reed,  in  his  book  on  ‘  Our 
Iron-clad  Ships,’  gives  in  detail  the  cost  of  iron-clads 
from  the  earliest  date,  and  his  figures  are  no  doubt 
derived  from  official  sources. 

“  Before  the  date  of  these  accounts,  then,  we  have  Mr. 
Reed’s  figures ;  and  since  the  31st  of  March,  1874,  the 
date  of  the  last  published  account,  an  official  return 
gives  the  estimated  cost  of  each  iron-clad  which  was 
then  incomplete,  or  has  been  since  commenced.  Mr. 
Reed’s  figures  give  the  sum  of  £7,338,687  as  the  cost 
of  construction  before  1866 ;  the  Admiralty  accounts, 
tlie  sum  of  £5,961,203  as  the  cost  between  1866  and 
1874 ;  and  the  estimated  cost  from  1874  to  the  present 
time  gives  the  sum  of  £3,439,035,  of  iron-clads  incom¬ 
plete  but  still  under  construction.  The  result  is  that 
our  iron-clad  fleet  which  has  been  both  completed 
and  commenced  may  be  calculated  at  the  sum  of 
£16,738,935.  During  the  past  eighteen  years,  then, 
while  the  navy  estimates  have  amounted  to  £197,000,000, 
the  sum  of  £16,500,000  has  been  spent  on  the  con¬ 
struction  of  iron-clads ;  and,  if  the  cost  of  wear  and 
tear,  repair,  and  maintenance,  be  added,  we  may  raise 
this  sum  to  £18,000,000.  Mr.  Reed’s  statement  that 
our  iron-clad  fleet  had,  since  it  was  first  commenced, 
cost  the  country  about  £1,000,000  a  year,  was  founded 
on  a  liberal  calculation,  and  is,  beyond  a  doubt,  correct. 

“  The  two  divisions  of  expenditure  on  iron-clads  into 
construction  and  repair  will  be  dealt  with  separately. 

‘‘  In  turning,  then,  to  the  cost  of  construction,  it  will 
be  found  that,  including  four  floating  batteries,  sixty 
iron-clads  have  been  built  either  by  contract  or  at  the 
Royal-dockyards. 

“  The  following,  table  exhibits  the  total  amount  spent 
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each  year  on  iron-clad  construction,  and  the  amounts 
paid  to  contractors  and  spent  at  the  Eoyal  dock-yards 
for  this  purpose  : — ■ 


Vear. 

Cost  of  construction. 

Total. 

At  the  dock¬ 
yards. 

By  contract. 

1866- 67 

1867- 68 

1868- 69 

1869- 70 

1870- 71 

1871- 72 

1872- 73 

1873- 74 

£ 

436,301 

440,143 

384,146 

536,293 

558,800 

345,750 

237,956 

877,715 

£ 

154,840 
348,474 
725,914 
540  055 
455,415 
349,288 
61,869 
8,244 

£ 

591,141 

788,617 

1,110,060 

1,076,.348 

1,014,215 

695,038 

299,825 

385,959 

Before  1866 

3,326,104 

3,481,843 

2,644,099 

3,856,844 

5,961,203 

7,338,687 

Total . . . 

6,807,947 

6,530,943 

13,299,890 

“  The  following  table  gives  the  expenditure  for  con¬ 
struction  and  wear  and  tear  (including  repairs  and 
maintenance)  of  vessels  of  all  kinds  in  the  effective 
navy ; — 


Year. 

Cost  of  building. 

Cost  of  wear  and 
tear,  &c. 

Total. 

Iron-clad. 

Not  iron¬ 
clad. 

Iron-clad. 

Not  iron¬ 
clad. 

1866-67 

£ 

591,141 

£ 

423,265 

£ 

109,145 

£ 

782,728 

£ 

1,906,279 

1867-68 

783,617 

1,103,132 

159,552 

568,489 

426,084 

2,519,790 

1868-69 

1,110,060 

584,302 

187,699 

2,308,150 

1.986,413 

1869-70 

1,076,348 

310,699 

130,743 

468,623 

1870-71 

1,014,215 

316,599 

182,065 

451,880 

1,964,759 

1871-72 

695,038 

439,1.34 

87,595 

358,388 

1,630,155 

1,304,279 

2,046,320 

1872-73 

299,825 

509,262 

158,933 

336,259 

1873-74 

385,959 

904,069 

291,381 

464,911 

Total . . . 

5,961,203 

4,540,462 

1,307,113 

3,857,362 

15,666,145 
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“This  table  throws  a  fuller  and  more  accurate  light 
than  the  previous  one  on  the  ship-building  policy  and 
expenditure  of  these  eight  years.” 


“  But  to  give  these  figures  their  full  value  and  to  test 
them,  as  it  were,  independently,  it  is  desirable  to  com¬ 
pare  them  with  the  amounts  voted  by  Parliament  for 
ship-building  and  for  all  naval  services,  and  to  compare 
them  further  with  the  number  of  artisans  employed  and 
the  tonnage  of  shipping  annually  built.  The  result 
should  present  a  complete  chart  of  the  ship-building 
work  and  a  guide  to  the  ship-building  policy  of  these 
eight  years,  which  cannot  fail  to  be  interesting.  The 
following  table  gives  this  information : — 


ca  * 

”  <v 
o 

1  CO 

<-!  CQ 
« 

t 

a> 

d 

<v 

B 

Tonnage  built. 

Year. 

Expenditure 
building  an 
pairs. 

Estimates  for 
building  (vc 
and  10). 

Total  naval 
mates. 

o 

Cm 

© 

© 

s 

[3 

Iron-clad. 

Total  (iron¬ 
clad  and  un¬ 
armoured). 

1866-67 

•  £ 

1,906,279 

£ 

2,718,000 

£ 

10,031,000 

18,607 

7,013 

15,384 

1867-68 

2,519,790 

3,091,000 

10,976,000 

18,309 

12,448 

33,701 

1868-69 

2,308,145 

3,219,000 

11,157,000 

15,464 

15,045 

26,291 

1869-70 

1,986,413 

2,655,000 

9,996,000 

14,124 

1 18,769 

24,230 

1870-71 

1,964,759 

2,124,000 

9,370,000 

11,223 

!  12,567 

19,925 

1871-72 

1,630,155 

2,557,000 

9,756,000 

12,831 

1 10,678 

21,137 

1872-73 

1,304,279 

2,384,000 

9,532,000 

12,826  1  4,798 

1  16,092 

1873-74 

2,046,320 

2,797,000 

9,872,000 

13,485 

1  4,050 

1  17,329 

Total 

15,666,145 

21,545,000 

80,690,000 

......... 

j  85,368 

jl74,089 

“To  return,  however,  to  the  cost  of  construction.  The 
sum  of  sixteen  and  one-half  millions  sterling  represents, 
as  has  been  shown,  the  total  cost  of  iron-clad  con¬ 
struction,  past  and  prospective,  so  far  as  naval  accounts 
and  estimates  are  concerned.  To  the  31st  of  March, 
1874,  the  sum  of  £13,299,890  had  been  actually  spent 
of  this  sum.  What  have  we  got  for  it?  Forty-nine 
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finished  and  seven  unfinished  iron-clads.  These  last 
consist  of  the  Alexandra,  Temeraire,  Dreadnought,  and 
Inflexible,  whose  partial  cost  had  amounted,  in  March 
1874,  to  £1,084,887.  The  remaining  49  vessels,  whose 
total  cost  had  been  brought  to  account  in  March  1874, 
had  cost  £12,215,000.  Judging  by  the  standard 
suggested  by  Mr.  Reed,  we  may  consider  seven  only 
of  these  49  vessels  effective  ;  or,  we  may  say  that,  of 
the  above  sum,  two  millions  sterling  represents  the  cost 
of  our  effective  iron-clads,  and  ten  millions  of  those 
which  are  obsolete  or  ineffective.  To  go  still  further 
into  detail,  it  may  be  interesting  to  compare  the  cost  of 
these  two  classes.  In  the  obsolete  class  of  broadside 
vessels  the  Warrior,  for  instance,  one  of  the  oldest,  was 
built  at  a  cost  of  £379,154,  and  her  sister  ship,  the 
Black  Prince,  at  a  cost  of  £378,310,  each  having  a 
burden  of  6,109  tons.  Then  the  Achilles,  with  6,121 
tons,  cost  no  less  than  £470,230,  and  the  Northumberland, 
with  6,621  tons,  cost  £490,681.  Of  modern  iron-clads 
the  Hercules  and  Sultan  are  smaller,  having  a  tonnage 
of  5,226  tons  only,  but  they  may  each  be  regarded  as 
four  times  as  strong  as  the  Warrior,  while  their  cost  in 
construction  was  respectively  £377,007  and  £374,777. 
A  smaller  class  of  vessels,  which  the  loss  of  the  Vanguard 
has  drawn  attention  to,  namely,  the  Audacioiis  class, 
consists  now  of  five  vessels,  each  having  a  tonnage  of 
3,774  tons.  The  Audacious  cost  £256,295,  the  Iron 
Duke  £208,763,  and  the  Vanguard  £272,100.  In  the 
construction  of  the  Bellerophon,  an  attempt  was  first 
made  to  economise  the  cost  of  construction,  and  at  the 
same  time  increase  the  strength.  This  vessel  cost 
£364,327  to  build,  or  more  than  £100,000  less  than  the 
Achilles,  with  which  it  may  be  compared.  Of  turret 
vessels,  two,  the  Monarch  and  Glatton,  are  included  in 
the  class  of  the  seven  effective  iron-clads  already 
referred  to.  The  Monarch  cost  £371,415,  and  the 
Glatton  £223,105,  to  build.  The  unfortunate  Captain 
cost  £355,764.  The  most  expensive  of  the  four  small 
coast-defence  vessels,  built  in  1870,  is  the  Cyclops, 
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which  cost  to  build  £149,465 ;  and  the  two  rams,  the 
Hotspur  and  Bupert,  cost  respectively  £175,995  and 
£235,032.  So  far,  then,  as  these  49  vessels  are  con¬ 
cerned,  it  seems  clear  that,  as  time  advanced,  the  cost 
of  construction  diminished  ;  it  may,  indeed,  be  said  that 
recent  invention  has  had  the  tendency  to  increase  power 
with  diminished  size  and  cost.  The  satisfaction,  how¬ 
ever,  this  statement  may  cause  must,  we  fear,  be  short¬ 
lived  ;  for,  while  up  to  1874  or  1875,  this  is  true 
enough,  since  then  iron-clads  have  become  much  more 
expensive  than  ever.  Increased  prices  and  more  costly 
appliances  have  had  an  unmistakable  effect  on  the  iron¬ 
clads  now  under  construction.  The  Inflexible  is  esti¬ 
mated  to  cost  £521,750,  the  Dreadnought  £508,395, 
and  the  Alexandra  £521,500.  Then  the  Temeraire  is 
to  cost  £374,000,  the  Nelson  £333,800,  and  the  North¬ 
ampton  £349,000.  These  vessels,  not  yet  finished, 
show  a  startling  advance  in  cost  as  compared  with 
some  of  the  vessels  we  have  noticed,  or  even  with 
vessels  like  the  Thunderer  and  Shannon,  which  are  not 
yet  complete,  but  are  of  earlier  construction,  and  are 
estimated  to  cost  £334,000  and  £268,500  respectively. 
These  points  are  worth  noting,  as  they  are  essential  to 
any  effective  criticism  or  comparison  of  past  and 
present  naval  expenditure,  and  will  help  to  correct 
many  erroneous  impressions  on  the  subject.  But  a 
more  serious  element  of  disturbance  in  naval  finance 
has  been  caused  by  tlie  sudden  if  not  entirely  unsuspected 
demands  made  for  the  repair  of  iron-clads. 

“  The  repair  of  iron-clads  is  a  difficulty  which  has  only 
made  itself  felt  seriously  in  the  past  three  years.  Mr. 
Goschen,  in  bringing  forward  the  naval  estimates  in 
1873,  alluded  to  the  necessity  which  existed  for  making 
special  provision  for  this  work  by  employing  additional 
hands  at  the  dock-yards.  But  Mr.  Hunt,  following  in 
the  same  line,  explained  last  year  that  extensive  repairs 
of  a  costly  character  were  inevitable.  When  iron-clads 
were  first  built  it  was  considered  satisfactory  that, 
although  the  cost  of  construction  was  great,  the  ships 
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would  last  longer  than  unarinoured  vessels.  Tliis, 
however,  seems  doubtful,  now  that  we  have  the  experi¬ 
ence  of  fifteen  years  as  a  guide ;  and,  even  were  iron¬ 
clads  exceptionally  durable,  it  is  quite  certain  their 
repair  is  exceptionally  costly.  For  the  first  ten  years 
the  charges  for  repair  were,  comparatively  speaking, 
light ;  but  during  the  last  three  years  the  necessity  of 
entering  upon  an  expensive  course  of  repair  has  made 
ilself  felt.  The  following  table  shows  the  actual  cost 
during  the  eight  years  from  1866  to  1874  of  providing 
for  the  wear  and  tear  of  iron-clads  and  nnarmoured 
vessels,  and  of  keeping  them  in  repair,  in  commission, 
and  reserve :  — 


Year. 

Iron-clads. 

Unarmoured 

vessels. 

Total. 

1866-67 

£ 

109,145 

£ 

782,728 

£ 

891,873 

1867-68 

159,552 

568,489 

728,041 

1868-69 

187,699 

130,743 

426,084 

613,783 

1869-70 

468,623 

599,366 

1870-71 

182,065 

451,880 

633.945 

1871-72 

87,595 

358,388 

445,983 

1872-73 

158,933 

336,259 

495,192 

756,292 

1873-74 

291,381 

464,911 

Total... 

1,307,113 

3,857,362 

5,164,475 

“  Here  it  will  be  seen  that  in  1873-74,  the  largest 
expense  was  incurred  for  the  repair  of  iron-clads.  It 
is  also  worthy  of  remark  that  a  small  number  of  vessels 
only  was  dealt  with,  as  a  reiereace  to  the  accounts 
would  prove.  Thus,  in  that  year  alone  the  Achilles 
cost  £24,907,  the  Bellerophon,  which  had  cost  nearly 
£30,000  in  1870,  was  again  in  1873  charged  with  an 
expense  of  £40,395 ;  the  Minotaur  cost  in  this  year 
£16,681 ;  the  Northumberland,  £10,255  ;  the  Resistance, 
£31,647 ;  and  the  Warrior  the  large  sum  of  £50,000. 
From  these  instances  it  will  be  seen  that  the  main¬ 
tenance  and  repair  of  iron-clads  have  introduced  a  new 
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and  serious  element  of  expense  into  the  navy  which  for 
some  years  is  likely  to  make  itself  severely  felt.  A 
reference  to  the  above  table  will  show  that  the  cost  of 
the  maintenance  and  repair  of  the  entire  fleet  for  the 
eight  years  which  have  been  analysed,  amounts  to 
more  than  five  millions  sterling,  of  which  £1,307,113 
is  applicable  to  iron-clads ;  and  that  of  this  sum,  no 
less  than  a  third  was  incurred  duidng  the  last  ten 
years.  .  .  .  Coming  now  to  the  consideration  of 

what  has  been  the  cost  of  repairing  individual  vessels 
during  this  period,  it  appears  that  those  vvhich  have 
already  been  classed  as  obsolete  or  old-fashioned,  in¬ 
cluding  serviceable  and  unserviceable  ships,  have  cost 
during  this  period  £870,000.  Of  these  the  Warrior 
is  the  most  remarkable ;  for  her  cost  has  amounted, 
for  maintenance  and  repair,  to  £124,245.  She  was 
built  in  I860,  cost  £379,154  to  build  and  fit  out  for 
sea,  and  has  now,  in  the  eight  years  since  1866,  cost  no 
less  than  a  third  of  this  sum  to  keep  in  good  order. 
The  Defence  and  Resistance,  which  were  built  at  the 
same  time  as  the  Warrior,  but  are  much  smaller,  have 
cost  during  the  same  period  no  less  than  £82,450  and 
£91,965,  which,  when  compared  with  the  cost  of  their 
construction,  are  large  sums.  The  BJach  Prince,  sister 
ship  to  the  Warrior,  and  built  at  the  same  time,  has 
for  the  same  period  cost  only  £59,193.  But  this 
difference  would,  in  all  probability,  vanish  if  we  knew 
what  her  cost  had  been  during  the  past  two  years.  The 
Minotaur  has  cost  for  the  same  period  £55,627,  and  the 
Achilles  £61,209,  against  a  cost  of  construction  of 
£478,885  and  £470,230  respectively  ;  the  Hector,  the 
cost  of  whose  construction  was  about  half  that  of 
either  of  those  vessels,  has  cost  for  repair  and  main¬ 
tenance  £56,490.  These,  however,  are  all  old-fashioned 
broadside  vessels.  The  turret-ships  are  most  of  them 
too  recently  built  to  enable  an  opinion  to  be  formed 
of  what  they  will  cost  to  repair ;  it  will  be  seen  that 
the  whole  cost  amounts  to  £139,845.  Of  this  sum 
the  Monarch  absorbs  a  large  share,  which  amounts  to 
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£53,018.  Of  effective  and  powerful  sea-going  broad¬ 
side  vessels,  the  Bellerophon,  Hercules,  and  Sultan  may 
be  taken  as  good  examples.  The  Bellerophon  was 
launched  in  1865,  and  the  cost  of  her  maintenance  and 
repair,  from  1866  to  1874,  is  £87,256,  or  about  one- 
fourth  of  the  cost  of  her  construction,  which  was 
£364,327.  The  Hercules  was  launched  in  1866,  and 
has,  similarly,  cost  £37,537,  against  a  cost  of  construc¬ 
tion  of  £377,007  ;  and  the  Sultan,  which  is,  compara¬ 
tively  speaking,  a  new  vessel,  has  only  cost  £15,666. 
The  Vanguard  shows  a  cost,  since  1869,  of  £12,891 ; 
the  Iron  Buhe,  since  1870,  of  £17,022;  and  the 
Invincible,  since  1870,  of  £18,271.  These  instances 
prove  sufficiently  that  the  cost  of  the  maintenance  and 
repair  of  iron-clads  is  a  growing  item  of  naval  expendi¬ 
ture,  and  an  item  which  requires  as  much  consideration, 
from  a  financial  point  of  view,  as  building.  When  a 
million  a  year  represents  the  full  normal  average 
amount  available  for  iron-clad  construction  out  of 
naval  estimates  amounting  to  ten  millions  sterling,  it 
is  alarming  to  find  £300,000  is  required  in  one  year 
alone  for  their  repair  and  maintenance.” 


CHAPTER  Xir. 

THE  FRENCH  NAVY. 

The  French  have  of  late  been  compelled  to  assume  the 
attitude  of  critical  observers,  if  not  of  careful  imitators, 
of  other  naval  powers,  and  particularly  of  England. 
Driven  by  stress  of  circumstances  and  by  force  of 
competition  from  the  proud  position  they  so  long 
occupied  and  eagerly  contended  for,  of  being  the 
pioneers  in  armoured-ship  construction,  they  have  had 
the  wisdom  and  courage  fairly  to  face,  and  to  endeavour 
to  make  the  best  of,  the  position  in  which  they  are  now 
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placed.  With  their  earlier  armoured  ships  growing 
obsolete,  and  rapidly  becoming  worn  out  or  unservice¬ 
able,  and  with  very  limited  means  at  command,  the 
naval  authorities  in  France  had  no  easy  problem  to 
solve  wFen  they  endeavoured  to  give  the  best  direction 
to  their  expenditure  in  a  new  programme  for  the 
fleets,  which  was  published  with  their  estimates  soon 
after  the  greatest  pressure  of  the  Franco-German  war 
had  passed  away.  In  arranging  this  new  building- 
programme,  English  types,  more  or  less  modified,  but 
in  the  main  reproduced,  were  taken  as  models ;  and 
English  systems  of  construction  were  adopted  in  lieu 
of  the  discarded  wooden-ship  methods  which  previ¬ 
ously  were  almost  exclusively  in  use.  Breastwork 
monitors  for  coast  defence,  central-battery  armoured 
ships  with  iron  hulls  and  barbette  batteries,  and  fast 
unarmoured  ships  with  iron  hulls,  sheathed  in  wood 
and  coppered,  constitute  the  latest  additions  to  the 
French  navy. 

In  reviewing  their  fleets,  it  is  seen  that  the  French 
have  not  merely  repeated  the  forms  and  approximate 
dimensions  of  their  unarmoured  steam-fleet  in  their 
armoured  ships,  but  have  also  clung  pertinaciously  to 
the  old  broadside  system  of  armament.  Not  a  sea¬ 
going  turret-ship  has  been  built. 

Their  coast-defence  vessels  {gardes  cotes)  include  six 
turret-vessels,  each  with  a  single  turret ;  but  all  the 
other  vessels  in  the  armoured  fleet  are  on  the  broad¬ 
side  principle,  and  all  sea-going  ships  are  rigged. 
There  are  no  representatives  of  the  mastless  sea-going 
type  to  match  the  English  Dreadnought,  Devastation, 
Thunderer,  and  Inflexible,  or  the  Russian  Peter  the  Great, 
or  the  Italian  Duilio  or  Dandolo,  or  analogous  vessels 
of  other  nations.  The  revolving  turret  has  found  no 
favour  with  the  French  for  sea-going  ships ;  although 
they  have  adopted,  in  many  cases  in  association  with  a 
broadside  armament,  the  plan  of  mounting  the  gun  on 
a  revolving  platform,  and  allowing  it  to  fire  en  barbette 
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over  a  fixed  armoured- wall  or  turret.  There  are  in  the 
large  ships  two  of  these  open-topped  turrets  on  either 
side  of  the  vessel,  and,  true  to  the  natio^ial  instinct  of 
systematic  classification,  there  have  been  laid  down 
simultaneously  many  ships  of  one  design,  or  differing 
but  in  minor  details.  First  of  all,  in  1858  three  of  the 
Gloire  class  were  begun,  corresponding  to  the  English 
converted  Prince  Consort  class,  begun  three  years 
later ;  then  the  iron  ship  Couronne ;  then  ten  vessels  of 
the  Flandre  class,  modified  from  the  Gloire  and  not 
much  better ;  while  some  slight  variety  was  introduced 
by  building  a  few  coast-defence  vessels. 

In  the  design  of  their  smaller  vessels  {corvettes 
cuirassees)  for  foreign  service,  similar  uniformity  was 
maintained.  After  building  the  first,  the  Belliqueuse, 
some  few  changes  were  made ;  and  then  on  the  amended 
design,  of  which  the  Alma  is  the  type,  no  less  than 
seven  vessels  were  built. 

The  Ocean  class  of  frigates  again,  contains  no  less 
than  five,  which  may  be  fairly  termed  sister  ships.  So 
that  taking  the  three  classes  represented  by  the  Flandre, 
Alma,  and  Ocean,  more  than  twenty  ships,  or  nearly 
one-half  the  entire  French  fleet,  will  be  found  grouped 
therein. 

The  English  Admiralty  have  pursued  a  different  and 
a  wiser  course.  Instead  of  spending  their  great  re¬ 
sources  on  the  construction  of  ships  which  were  mere 
facsimiles  of  each  other,  they  have,  with  rare  excep¬ 
tions  in  successive  designs,  made  onward  steps  in 
offensive  and  defensive  powers ;  the  English  designers 
having  from  the  very  flrst  struck  out  an  independent 
course. 

The  Warrior  was  designed  in  1858,  with  an  iron 
hull  one-half  as  long  again  and  2,000  tons  heavier  than 
the  largest  screw  three-decker  that  had  been  built 
before  her ;  and  she  was  considerably  faster  than  any 
war-ship  previously  built. 

In  some  respects  this  experiment  proved  a  success,  for 
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the  Warnor  is  still,  after  sixteen  years’  service,  sound 
and  serviceable;  while  all  wooden  armoured  vessels, 
both  of  previous  and  subsequent  dates,  are  counted  ont 
or  relegated  to  harbour  service.  The  precedent  estab¬ 
lished  in  the  design  of  the  Warrior  has  been  followed ; 
novelties  have  been  daringly  introduced  and  new  designs 
constantly  brought  forward,  until  it  is  difficult  to  place 
more  than  three  or  four  vessels  in  any  one  class;  by 
far  the  greater  number  of  designs  having  been  carried 
out  in  only  one  vessel. 

Prior  to  1873  the  only  French  naval  sea-going 
armoured  ships  in  service,  built  of  other  materials  than 
wood,  were  three  in  number,  viz.,  the  Friedland,  Heroine, 
and  Gouronne.  Neither  iron  nor  steel  had  hitherto  been 
used  in  the  navy  for  ship-construction  to  any  consider¬ 
able  extent;  the  use  of  steel  was  limited  to  masts, 
boats,  and  very  small  vessels ;  but  recently  both  iron 
and  steel  have  rapidly  gained  favour  as  materials  for 
ship-construction.  In  the  large  new  armoured  ship  Be- 
doutable  built  at  L’Orient,  steel  has  been  employed  for 
the  frames,  beams,  deck-plating,  bulkheads,  the  plating 
behind  the  armour,  and  the  inner  bottom ;  consequently 
only  the  outer  bottom  and  the  rivets  throughout  the 
ship  are  of  iron.  Two  other  large  armoured  ships,  the 
TempBe  and  Tonnerre,  are  building  at  Brest  and  L’Orient 
with  the  same  arrangement  of  material.  The  steel  has 
been  produced  mainly  at  Creuzot  and  Terre  Noir.  All 
the  steel  employed  in  France  for  naval  vessels  is  made 
under  government  inspection  at  the  various  manu¬ 
factories,  and  is  not  tested  in  the  dock-yards  upon 
receipt.  The  quality  is  defined  by  the  conditions  of 
official  regulations  lately  issued  by  the  minister  of 
marine,  as  follows  : — 

“  Steel  Plates,- — Steel  plates  are  classified  under  five 
heads.  For  plates  of  the  first  class  the  lowest  ruling 
rates  will  be  accepted;  for  those  in  the  four  other 
classes  2,  4,  6,  and  8  francs  per  hundred  kilogrammes 
(£8,  £1‘6,  £2‘4,  and  £3*2  per  ton)  are  allowed.  The 
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thicknesses  of  the  plates  thus  classified  range  from  ‘059 
inch  to  1'18  inch,  and  the  dimensions  from  12  feet 
4  inches  by  3  feet  11|^  inches  to  19  feet  8^  inches 
by  4  feet  7^  inches. 

“  Testing. — The  following  tests  will  be  required  to 
ascertain  the  extension  of  the  metal,  and  its  ultimate 
strength,  both  longitudinally  and  transversely,  the 
recorded  results  in  all  cases  being  the  mean  of  at 
least  five  independent  tests.  Test  pieces  are  to  be 
cut  from  a  certain  percentage  of  plates  taken  at 
random,  which  are  to  be  subjected  alike  to  each  class 
of  test. 

“  These  sample  bars  are  to  have  in  each  case  a  width 
of  Ij^g  inch,  excepting  those  taken  from  plates  less 
than  T97  inch  thick,  in  which  cases  the  width  will  be 
reduced  to  ‘787  inch,  and  for  plates  -708  inch  and 
under,  the  width  will  be  reduced  to  the  thickness  of 
the  plate.  The  length  of  the  portion  submitted  to  test 
will  be  in  all  cases  7’875  inches,  and  the  test  bars  will 
always  be  annealed.  The  initial-test  load  will  be  such 
as  to  produce  a  strain  equal  to  four-fifths  of  the  load 
required  to  rupture  the  plate.  This  initial  load  will  be 
kept  on  the  test  piece  for  a  time  of  five  minutes.  Addi¬ 
tional  weights  will  then  be  added  at  equal  intervals  of 
time,  probably  half-minute  periods.  The  corresponding 
extension  for  each  increment  of  load  will  be  carefully 
noted,  and  measured  on  the  original  length  of  7*875 
inches.  The  ultimate  extension  will  be  that  produced 
at  the  moment  of  rupture. 

“  These  test  bars  to  be  passed  should  not  break  under 
the  initial  load,  nor  give  an  ultimate  extension  less 
than  eight-tenths  of  the  maximum  final  extension 
mentioned  above. 

“  The  minimum  loads  in  tons  per  square  inch  of  the 
original  section  and  the  minimum  percentages  of  exten¬ 
sion  are  given  in  the  following  tables.  For  plates  the 
mean  results  which  should  be  compared  with  the  table 
are  those  which  have  been  obtained  in  the  direction  of 
least  resistance. 

L  2 
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Table  I. — Steel  Plates. 


For  constructive 
purposes. 

For  boilers. 

Thickness  of 
plate  in  inches. 

Average  maximum 
load. 

Average  final  ex¬ 

tension. 

Average  maximum 

load. 

Average  final  ex¬ 

tension. 

•019..  .. 

Tons  per 
sq.  in. 

30-3 

Per  cent. 

10 

Tons  per 
sq.  in. 

Per  cent. 

•07  to 

•118 

30-3 

12 

•  * 

•118  to 

•157 

30-3 

14 

•  « 

•157  to 

•197 

29-5 

16 

•197  to 

•236 

29-5 

18 

•236  to 

•315 

29-0 

20 

27-0 

25 

•315  to 

•787 

29-0 

20 

27-0 

26 

•787  to  1 

•181 

28’4 

20 

25-8 

25 

Table  II. — Strips  and  Cover  Plates. 


Thickness  of 
plate  in  inches. 

Longitudinal. 

Transverse. 

S 

a 

S  c3 

CQ 

a  d 

P  o 

S 

X  V 
c3  •** 

s 

a 

a 

a 

i  ^ 

a  o 

S 

•3  pa 

X  <D 

C«  -4^ 

s  g 

♦157  to  -236 
•236  to  -630 
•630  to  1-181 

Tons  per 
sq.  in. 

31 

31 

31 

Per  cent. 

18 

22 

22 

Tons  per 
sq.  in. 

28-4 

28-4 

27-0 

Per  cent. 

16 

18 

17 

“  Hot  tests. — These  tests  will  be  made  with  sample 
plates  of  suitable  dimensions,  and  consist  in  stamping 
a  dished  cavity,  the  side  of  the  plate  preserving  its 
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original  plane.  The  diameter  of  this  cavity  is  to  be  equal 
to  forty  times  the  thickness  of  the  plate,  and  the  depth 
will  be  ten  times  this  thickness  ;  the  flat  edge  to  be 
joined  to  the  cavity  by  a  curve,  the  radius  of  which  is 
not  to  be  greater  than  the  thickness  of  the  plate. 
Moreover,  plates  more  than  '197  inch  thick  will  be 
stamped  with  a  flat-bottomed  depression  with  square 
angles  and  straight  sides,  the  diameter  of  the  bottom 
to  be  thirty  times  the  thickness  of  the  plate  and  the 
depth  ten  times  the  same  thickness.  The  bottom  of 
this  cavity  will  be  pierced  with  a  round  hole  with  the 
metal  forced  perpendicularly  beyond  the  bottom  of  the 
recess.  The  diameter  of  the  hole  to  be  twenty  times 
the  thickness  of  the  plate,  and  the  height  of  the  sides 
five  times  the  same  thickness.  All  of  the  corners  will 
be  rounded  with  a  curve  of  not  greater  radius  than  the 
thickness  of  the  plate.  The  pieces  thus  tested  with 
every  precaution  which  the  working  of  steel  requires, 
must  show  no  signs  of  yielding  or  cracking  even  when 
cooled  in  a  brisk  current  of  air. 

“  Tempering  tests. — For  these  tests  bars  10'24  inches 
long  by  1'58  inch  wide  will  be  cut  from  the  plate 
longitudinally  as  well  as  transversely.  These  strips 
will  be  heated  uniformly  to  a  slightly  dull  cherry-red, 
and  then  tempered  in  water  at  a  temperature  of  82°. 
Thus  treated  they  must  be  bent  in  the  testing-machine 
to  a  curve  of  which  the  minimum  radius  is  not  greater 
than  the  thickness  of  the  bars.  These  same  bars,  when 
the  corresponding  plates  are  to  be  used  for  boilers,  will 
be  bent  double  in  the  press  without  showing  any  traces 
of  fracture,  and  in  such  a  way  that  the  halves  of  the 
plate  may  be  in  contact.  The  sides  of  the  bars  thus 
tested,  if  rounded,  can  be  squared  up  with  a  soft  file. 
Plates  not  coming  up  to  these  tests  will  be  rejected. 

“  Angle,  Frofile,  Y,  and  I  Irons. — To  ascertain  the 
qualities  of  different  classes  of  profile  bars  three  series 
of  tests  will  be  imposed  :  1.  cold  tests ;  2.  tempering ; 
and  3.  hot  tests. 

“  1.  Gold  tests. — These  have  for  their  object  to  ascer- 
.tain  the  ultimate  strength  and  properties  of  extension 
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of  the  metal.  A  certain  number  of  pieces  will  be  cut 
from  the  webs  of  bars  taken  at  random,  and  care  will 
be  taken  that  the  cross-sections  are  almost  rectangular, 
the  thickness  being  that  of  the  web  and  the  width 
1‘18  inch,  except  for  sections  less  than  *197  inch 
thick,  in  which  cases  the  width  will  be  reduced  to 
*787  inch,  and  for  those  more  than  *71  inch  thick,  while 
the  width  will  be  reduced  to  the  thickness  of  the  plate. 
The  length  of  the  samples  tested  to  be  7*87  inches. 
The  bars  will  be  subjected  to  tensile  strains  either  by 
direct  weights  or  by  levers,  the  load  increasing  up  to 
the  point  of  rupture.  The  initial  load  will  be  such  as 
to  produce  a  strain  equal  to  eight-tenths  the  breaking 
strain  calculated  upon  the  basis  in  the  following  table. 
The  first  load  will  be  kept  on  during  five  minutes,  and 
the  additional  loads  will  be  added  at  half-minute  in¬ 
tervals.  The  ultimate  extension  is  that  produced  at 
the  moment  of  rupture,  and  no  samples  will  be  passed 
which  show  an  extension  less  than  the  required 
amount. 

“  The  lowest  average  loads  per  square  inch  of  original 
section  under  which  the  bars  should  break  when  tested, 
and  the  minimum  corresponding  extensions  are  as 
follows : — 


Thickness  of 
web  in  inches. 

Angle  and  pro¬ 
file  sections. 

I-sections. 

T-sections. 

Average  mini¬ 
mum  load. 

Average  ulti¬ 
mate  extension. 

Average  mini¬ 
mum  load. 

“Average  ulti¬ 
mate  extension. 

Average  mini¬ 
mum  load. 

Average  ulti¬ 
mate  extension. 

•118  to  *157 
(•157  to  -246 
■236  to  -63 
•63  to  -984 

Tons  per 
sq.  in. 

31 

31 

31 

31 

Per  cent. 

18 

20 

22 

20 

Tons  per 
sq.  in. 
29-23 
29-23 
29-23 
29-23 

Per  ceut. 

18 

20 

20 

20 

Tons  per 
sq.  In. 

29-5 

29-5 

29-5 

29-5 

Per  cent. 

16 

16 

18 

18 

THE  PEENCH  NAVY. 


151 


“2.  Temper  tests. — For  these  tests  bars  will  be  cut  from 
the  webs  of  the  various  sections  10'24  inches  long  and 
l-57o  inches  wide.  The  sides  of  these  pieces  must  not 
be  rounded,  but  they  may  be  squared  up  with  a  soft 
file.  The  bar  will  be  heated  uniformly  to  a  dull 
cherry-red,  and  then  cooled  in  water  at  82°.  Thus 
tempered  they  ought  to  take  under  the  action  of  the 
press  a  permanent  curvature,  the  inner  radius  of  which 
must  not  be  greater  than  one  and  a-half  times  the 
thickness  of  the  plate. 

“  3.  Hot  tests. — The  angle-bars  will  be  subjected  to  the 
following  tests :  With  one  piece  cut  from  the  end  of  a 
bar  taken  at  random  from  each  parcel,  a  ring  shall  be 
made,  so  that  while  one  web  preserves  its  original  plane, 
the  other  shall  be  bent  into  a  circle,  the  inner  diameter 
of  which  shall  not  be  more  than  three  times  the  width 
of  the  flat  web.  A  piece  cut  from  another  bar  shall  be 
opened  until  tlie  inner  faces  of  the  webs  shall  be  practi¬ 
cally  in  the  same  plane,  and  a  third  piece  shall  be 
closed  until  the  webs  come  into  contact.  The  samples 
thus  treated  shall  show  no  cracks  or  other  imperfec¬ 
tions.  Plain  "T'bars  shall  be  subjected  to  tlie  follow¬ 
ing  tests :  A  piece  cut  from  the  end  of  a  bar  taken  at 
random  from  a  parcel,  shall  be  bent  into  a  semicircle, 
while  the  vertical  web  preserves  its  original  plane.  The 
interior  diameter  of  this  curve  shall  not  exceed  four 
times  the  height  of  the  bar.  In  a  piece  cut  from  another 
bar  taken  from  the  same  parcel,  a  horizontal  slot  will  be 
cut  in  the  middle  of  the  web,  of  a  length  equal  to  the 
depth  of  the  bar ;  a  hole  will  be  drilled  at  each  end  of 
the  slot,  in  order  to  prevent  the  plate  from  tearing 
under  the  test,  and  that  part  of  the  web  beneath  the 
slot  will  then  be  bent  until  it  forms  an  angle  of  45° 
with  the  remainder.  Care  will  be  taken  to  keep  the  bent 
portion  in  the  same  line  with  the  rest  of  the  web,  to 
which  it  will  be  connected  by  a  bend  of  small  radius. 
No  cracks  or  other  imperfections  must  be  developed 
under  this  test.  Bulb  and  double  "f -bars  will  be  tested 
as  follows :  At  the  end  of  a  bar  taken  at  random  from  the 


152 


THE  WAR-SHIPS  OF  EUROPE. 


parcel,  a  horizontal  slot  will  be  cut  in  the  centre  of  the 
web,  equal  in  length  to  three  times  the  depth  of  the 
bar,  holes  being  drilled  at  the  ends  as  before ;  then  the 
bar  will  be  bent  at  one  or  several  heats,  until  one  part 
thus  opened  forms  an  angle  of  45°  with  the  other,  the 
portion  thus  bent  being  kept  in  the  same  plane.  In 
bulb-sections  the  portion  bent  will  be  that  carrying 
the  bulb.  In  all  cases  the  angles  must  be  connected 
with  the  straight  parts  by  curves  of  small  radius.  All 
samples  failing  under  these  tests  will  lead  to  the 
rejection  of  the  parcel  from  which  they  were  selected.” 

The  outline  sketch  on  the  opposite  page  represents  the 
modern  French  frigate  Duquesne,  recently  built  at  the 
Kochefort  dock-yard.  A  sister  ship,  the  Tourville,  has 
been  built  under  contract,  at  a  yard  near  Toulon.  Both 
ships  are  termed  cruisers  of  the  rapid  type,  and  are 
designed  for  seventeen  knots  per  hour  at  sea.  The 
frames,  bulkheads,  beams  and  all  interior  parts, 
together  with  the  masts,  are  composed  of  steel ;  but 
the  outside  plating  of  the  hulls  is  entirely  of  iron,  and 
the  bottoms  are  sheathed  with  two  layers  of  teak 
planks,  in  all  7  inches  thick  and  coppered.  The 
sheathing  is  put  on  in  a  manner  similar  to  the  English 
system,  exce(jt  that,  to  insulate  the  iron  from  the 
copper,  thick  layers  of  marine  glue  have  been  placed 
between  the  iron  hulls  and  the  teak  planks,  and 
betw'een  the  teak  and  copper. 

The  dimensions  and  weights  of  these  ships  are  as 
follows : — 


Length  between  perpendiculars  .  309  feet. 

Length  over  all  .  354  feet. 

Breath  at  load  water-line  .  60  feet. 

Draught  of  water  forward  .  20  feet  3  inches. 

Draught  of  water  aft  .  25  feet  2  inches. 

Displacement,  loaded  . . .  5,340  tons. 

Area  of  sail-surface  .  21,000  square  feet. 

Weight  of  hull .  2,650  tons. 

Weight  of  guns  and  ammunition .  260  tons. 

Weight  of  engines  and  boilers  .  1,280  tons. 

Coal .  655  tons. 


The  armament  consists  of  twenty-seven  guns  ;  twenty 
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of  these  having  a  calibre  of  14  centimeters,  and  seven  of 
24  centimeters,  or  about  5^  and  inches  respectively. 

The  engines  and  boilers  lor  the  Tourville  were  both 
designed  and  constructed  at  the  extensive  Forges  et 
Chantiers  de  la  Mediterranee,  at  Marseilles.  The  engines 
are  of  the  horizontal  compound  type,  and  consist  of 
two  sets,  with  four  cylinders  to  the  set ;  making,  in  all, 
eight  cylinders,  having  four  piston-rods  connected  to 
one  crank-shaft,  to  work  a  single  screw ;  i.e.,  the  four 
low-pressure  cylinders  are  laid  horizontally  on  one  side 
of  the  shaft,  each  having  its  high-pressure  cylinder 
bolted  to  the  outward  end,  and  the  steam  is  admitted 
directly  from  the  high  to  the  low-pressure  cylinders 
without  passing  through  a  receiver.  The  boilers  are  of 
the  old  box  type,  stayed  to  carry  a  pressure  of  45  pounds 
per  square  inch,  and  built  after  the  systematic  style  of 
the  French. 

The  grate-surface  is  950  square  feet,  and  the  heating- 
surface  24,500  square  feet.  The  diameter  of  the  screw- 
propeller  is  20  feet  3  inches.  The  estimated  number  of 
revolutions  per  minute  is  76.  The  estimated  indicated 
horse-power  is  7,500,  and  the  speed  at  these  figures 
17  knots  per  hour.  The  space  occupied  by  these 
engines  is  probably  greater  than  is  the  case  in  any 
single-screw  ship,  while  the  numerous  parts  and  con¬ 
nections  make  the  complication  veiy  great  and  likely 
to  cause  serious  difficulty  with  the  operation  of  the 
machinery,  if  it  does  not  result  in  other  evils ;  besides 
which  the  boilers  are  of  the  discarded  type  and  cannot 
be  worked  to  the  pressure  necessary  to  obtain  the 
economy  resulting  from  the  compound  system ;  and  as 
the  Tourville  has  been  built  for  high  speed  as  the  first 
requirement,  it  may  be  regretted  that  a  more  simple 
type  of  machinery  has  not  been  adopted.  The  French 
naval  authorities,  in  building  this,  their  first  rapid 
cruiser,  have  in  many  features  of  the  hull,  followed 
the  English  system,  and  have  accepted  the  errors 
admitted  by  the  British  authorities  to  exist  in  their 
modern  frigate,  the  Shah. 
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Besides  the  great  original  cost,  large  expense  for 
maintenance,  and  unwieldly  bulk  to  handle,  the  pro¬ 
pelling  power  is  decidedly  objectionable,  and  the  coal 
supply  is  only  655  tons. 

The  propelling  machinery  for  the  Duquesne  is  from 
a  different  design.  It  is  being  manufactured  at  the 
Usine  d’lndret. 

Among  smaller  vessels  may  be  mentioned  the  cor¬ 
vette  Buguay-Trouin,  building  at  Cherbourg,  which  is 
also  designed  as  a  rapid  cruiser.  She  is  to  have  3,180 
tons  displacement,  and  to  make  16  knots  per  hour  on 
the  measured  mile  ;  and  is  intended  to  compete  with  the 
English  Rover  class. 

There  is  also  a  third  class  building,  of  which  the 
Rigault  de  Genouilly  is  the  type.  They  are  to  compete 
with  the  English  Opal  class.  These  vessels  are  240  feet 
long,  44  feet  extreme  beam,  14  feet  7  inches  mean 
draught,  and  have  a  displacement  of  1,640  tons. 

The  list  given  in  the  Appendix,  page  330,  contains 
the  names  of  the  vessels  building  and  proposed 
to  be  built  on  the  1st  January  1876.  It  wull  give  a 
good  idea  of  the  progress  that  had  been  made  at  that 
time  in  reconstructing  the  French  nav3\ 


CHAPTEE  XIII. 

THE  GERMAN  NAVY. 

The  public  mind  in  Europe  has  for  some  time  been 
directed  to  the  growing  power  of  Germany  at  sea,  and 
friendly  people  have  looked,  not  without  some  degree 
of  admiration,  upon  the  earnest  and  business-like 
efforts  of  that  practical-minded  nation  to  attain  a 
position  at  sea  somewhat  commensurate  with  her 
position  on  land. 

The  German  navy  was  commenced  only  about 
twenty-seven  years  ago  with  one  sailing-corvette  and 
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two  gunboats.  Two  years  after  it  was  increased  by  two 
steamers  and  forty  gunboats,  consequent  upon  the 
Danish  war  and  the  subsequent  blockade  of  the  Baltic 
ports ;  and  in  the  two  succeeding  years  four  more 
vessels  were  added,  viz.,  a  brig,  two  despatch-boats, 
and  a  corvette.  From  this  time  up  to  the  year  1860, 
the  German  navy  was  steadily  increased  by  the 
addition  of  wooden  vessels,  until  the  total  of  31 
steamers,  8  sailing-ships,  and  42  gunboats  had  been 
reached.  But  it  was  not  until  after  the  year  1860, 
when  the  building  of  armoured  ships  was  first  com¬ 
menced,  that  the  German  navy  began  to  take  rank 
among  the  navies  of  Europe.  About  this  time  it  was 
determined  by  the  authorities  at  Berlin  to  strengthen 
the  navy  by  the  addition  of  several  armoured  ships. 
Two,  viz.,  the  Konig  Wilhelm  and  Arminius,  were  built 
in  England.  Some  w'ere  built  in  France  at  the 
Forges  et  Chantiers,  on  the  Mediterranean,  and  others 
in  Prussia.  But  after  the  close  of  the  Franco-Prussian 
war,  when  Germany  became  united,  the  Imperial 
German  government  deemed  it  necessary  to  build  up  a 
navy  commensurate  with  the  M'ants  and  interests  of 
a  powerful  empire.  Accordingly,  a  number  of  ships 
were  about  that  time  ordered  to  be  built,  including 
five  armoured  frigates.  Two,  viz.,  the  Kaiser  and 
Keulschland,  from  the  designs  of  Mr.  E.  J.  Keed,  late 
Chief  Constructor  of  the  British  Navy,  were  contracted 
for  by  Messrs.  Samuda  Brothers,  of  London  ;  two,  viz. 
the  Grosser  Kurfurst  and  the  Friedrich  der  Grosse, 
were  ordered  to  be  built  at  the  Imperial  dockyards  of 
Wilhelmshafen  and  Kiel ;  and  another,  the  Borussia,  was 
contracted  for  by  the  Yulcan  Engineering  Company,  at 
Bredow,  near  Stettin.  The  drawings  and  specifications 
for  the  three  last-named  ships  were  prepared  at  the  Admi¬ 
ralty  in  Berlin.  The  two  frigates  built  in  England  are 
designed  as  cruisers.  They  have  a  central  battery,  and 
are  in  general  features  and  arrangement  somewhat  simi¬ 
lar  to  the  British  frigate  Hercules,  but  differ  in  numerous 
points  of  detail.  The  last  one  was  completed  in  1875. 
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The  Kaiser  and  Deutschland  are  each,  about  285  feet 
lonf?,  with  an  extreme  breadth  of  62  feet,  load  draught 
of  24  feet  6  inches,  and  a  displacement  of  7,600  tons. 
They  are  very  strongly  framed.  The  inner  frames 
are  of  continuous  angle-iron,  and  the  longitudinal 
plates  and  angle-irons  are  scored  over  them.  They 
are  built  on  the  bracket-plate  system,  like  the  Invin¬ 
cible  class  of  ships ;  with  a  depth  of  40  inches  in  the 
vertical  keel ;  while  the  longitudinals  diminish  to 
33  inches  in  breadth,  and  then  increase  to  45  inches 
at  the  armour-shelf.  There  are  no  wing  passages, 
but  they  are  divided  into  compartments  by  trans¬ 
verse  water-tight  bulkheads ;  and  the  double-bottom 
is  in  32  water-tight  compartments.  In  striking  a 
rock  it  is  expected  that  not  more  than  four  could  be 
filled  with  water  at  once ;  the  cubic  capacity  of  each 
being  about  40  tons. 

There  is  one  central  battery  on  the  main-deck,  carry¬ 
ing  four  guns  on  each  side ;  of  which  the  forward  ones 
fire  3°  within  the  fore-and-aft  line,  and  thus  afford  a 
converging  fire  ahead,  while  the  embrasures  are  so 
arranged  that  the  fire  of  all  the  guns  on  one  side  may 
converge,  at  a  point  276  feet,  or  about  one  ship’s  length, 
distant.  The  battery  overhangs  the  side  about  3  feet 
6  inches  at  the  forwai’d  end  and  1  foot  6  inches  at  the 
after  end,  but  is  within  the  extreme  breadth  of  the 
ship,  and  the  ports  are  fitted  with  hedvy  forgings  on  a 
new  plan,  so  as  to  protect  the  gunners  as  much  as 
possible.  The  guns  are  Krupp  26-centimetre  steel 
breech-loading  cannon,  having  a  bore  of  about  9| 
inches,  and  weighing  about  22  tons  each.  To  complete 
the  all-round  fire,  a  Krupp  22-centimetre  gun  of 
8-|-inch  bore,  weighing  about  18  tons,  is  placed  on  the 
main  deck  aft,  and  is  capable  of  being  trained  to  an 
angle  of  15°  on  each  side  of  the  middle  line.  This  gun 
is  protected  by  armour.  The  height  of  the  port-sills 
above  the  load  water-line  is  11  feet.  The  armour  at 
the  water-line,  in  the  wake  of  the  engines,  boilers,  and 
magazines,  is  10  inches  thick,  and  elsewhere  on  the 
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belt  it  is  8  inches  amidships,  tapering  to  5  inches 
forward  and  aft.  In  the  central  battery  it  is  10  inches 
at  the  port-sills,  8  inches  on  the  sides,  and  7  inches  on 
the  bulkheads.  The  w'ood-backing  is  of  teak,  10  inches 
thick,  placed  upon  two  thicknesses  of  f-inch  plate, 
which  are  supported  by  10-inch  frames,  spaced  2  feet 
apart.  The  armour  on  the  belt  abaft  the  battery 
extends  5  feet  6  inches  below  the  water-line  and  6  feet 
6  inches  above  it,  while  in  front  of  the  battery  it 
extends  to  2  feet  6  inches  above  the  water-line,  up  to 
the  lower  deck,  which  is  covered  with  protective  plating 
in  two  thicknesses,  2  inches  thick  for  10  feet  in  front 
of  the  battery  bulkhead,  and  1^  inch  thick  from  this 
forward.  There  is  an  armoured  bulkhead  at  each  end 
of  the  battery,  the  forward  one  extending  down  to  the 
lower  deck  in  order  to  protect  the  engines  and  boilers 
against  a  plunging  fire.  The  upper  and  main  decks  and 
part  of  the  lower  deck  are  also  protected  with  plates. 

The  portion  of  the  upper  deck  over  the  battery  is 
covered  with  f-inch  steel  plates,  and  ^-inch  plates 
before  and  abaft  it ;  while  the  entire  surface  of  the 
main  deck  is  covered  with  steel-plating  ^  inch  thick 
abaft  the  battery,  and  f  inch  thick  in  the  battery  and 
forward  of  it.  The  lower  deck  is  not  plated  abaft  the 
forward  armour  bulkhead.  These  ships  are  supplied 
with  a  very  efficient  system  for  pumping  out  and  flooding 
the  compartments,  &c.  The  capstan  and  fire-engine 
are  worked  by  an  auxiliary  steam-engine,  which  can  be 
supplied  with  steam  either  from  the  main  boilers,  or,  in 
case  steam  is  not  up  in  them,  from  a  small  separate 
boiler  attached  to  the  engine.  The  hawse-pipes  are 
placed  on  the  upper  deck,  and  therefore  special 
arrangements  have  been  made  for  the  bitts.  The 
steering-wheel,  engine-rooms,  and  battery  can  be  com¬ 
municated  with  by  means  of  a  telegraph  placed  on  the 
upper  deck,  are  protected  by  armour-plates,  and  close 
to  them  a  small  armour  shield  is  fitted,  behind  which 
two  officers  could,  if  necessary,  hold  a  consultation. 
Deviating  from  the  usual  custom,  the  sick-berth  is  in 
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this  ship  placed  on  the  main  deck,  instead  of  on  the 
lower  deck.  The  bottom  of  the  vessel  has  been  coated 
with  Redman’s  anti-fouling  composition,  which  proved 
successful  in  the  trials  in  the  Medway,  and  of  which 
mercury  is  the  chief  ingredient  used  to  prevent  fouling. 

The  machinery  was  designed  and  constructed  by 
Messrs.  Penn  &  Son.  The  engines  are  of  the  old 
type,  horizontal,  direct-acting,  with  trunks ;  they  are  of 
the  collective  power  of  8,000  indicated  horses.  The 
diameter  of  the  cylinders  is  122  inches,  length  of 
stroke  4  feet,  and  the  greatest  number  of  revolutions 
per  minute  75.  A  speed  of  14|  knots  per  hour  was 
obtained  on  the  measured-mile  trials.  The  boilers  are 
of  the  box  type,  and  are  eight  in  number.  The  vessels 
are  ship-rigged,  with  an  area  of  39,000  square  feet  of 
canvas  when  all  sail  is  set,  and  an  area  of  plain  sail 
of  28,000  square  feet.  The  screws  are  fixed,  and 
made  to  revolve  when  the  ships  are  under  sail.  It 
will  be  seen  from  the  above  that  the  Kaiser  and 
Deutschland  are  very  powerful  armoured  frigates. 

The  following  particulars  of  the  Borussia  or  Preussen 
are  taken  from  the  Zeitsehrift  des  Vereines  deutscher 
Ingenieure. 

This  vessel  is  an  armoured  sea-going  turret  ship, 
similar  to  the  British  ship  Monarch.  Her  length 
between  perpendiculars  is  308  feet  6  inches ;  extreme 
length,  318  feet;  extreme  breadth,  53  feet  6  inches; 
depth  from  the  upper  deck  to  the  keel,  34  feet  10  inches  ; 
displacement,  loaded,  6,748  tons ;  and  load-draught  of 
water,  mean,  23  feet  8  inches. 

The  keel  consists  of  two  horizontal  plates  riveted 
together,  upon  which  are  fastened  at  the  middle,  by 
means  of  two  angle-irons,  a  vertical  plate  3  feet  10 
inches  high,  extending  to  the  tw'o  posts,  to  which  all 
the  plates  forming  the  keel  are  connected  by  bolts  and 
rivets.  Four  longitudinal  frames  stand  almost  verti¬ 
cally  upon  the  outer  skin,  and  their  depth,  which  up  to 
the.  fourth  longitudinal  frame  is  31  inches,  decreases 
gradually  from  the  keel,  running  in  the  same  direction  as 
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the  latter,  but  approaching  it  forward  and  aft  as  required 
by  the  shape  of  the  vessel.  These  longitudinal  frames 
are  made  of  plates  and  angle-irons,  and  are  lightened 
at  intervals  by  large  oval  holes.  The  transverse  frames 
from  the  keel  to  the  fourth  longitudinal  frame,  placed 
at  distances  apart  of  four  feet,  are  made  of  short  angle- 
irons  extending  only  from  one  longitudinal  to  the  other, 
to  which  they  are  connected  by  solid  plates,  brackets,  or 
angle-irons.  The  plates  have  the  height  of  the  cor¬ 
responding  longitudinal  frames,  and  those  belonging  to 
any  transverse  frame  are  connected  at  the  top  by  means 
of  an  angle-iron  extending  from  side  to  side,  through 
all  the  longitudinal  frames  and  the  keel.  The  outer 
skin  is  riveted  to  the  longitudinal  and  transverse- 
framing,  and  to  the  inner  side  of  the  latter  the  second 
skin  is  secured,  over  a  length  of  180  feet;  the  end 
transverse  frames  and  nine  intermediate  ones  are  formed 
of  solid  plates,  so  as  to  enclose  water-tight  compartments. 
These  compartments  are  again  divided  by  the  vertical 
keel,  and  a  series  of  water-tight  subdivisions  are  thus 
formed  by  a  water-tight  transverse  frame  at  the  fore 
and  after  ends,  the  inner  bottom  plates  at  the  top, 
the  outer  skin  plating  at  the  bottom,  and  by  the 
vertical  keel-plate  and  fourth  longitudinal  frame  at 
the  sides. 

Similar  water-tight  compartments  are  formed  by  the 
frames  before  and  abaft  the  double  bottom,  so  that  the 
extreme  ends  are  as  far  as  possible  protected  against 
casualty.  Above  the  fourth  longitudinal  frame  the 
distance  between  the  transverse  frames  is  2  feet,  and 
the  latter  extend  from  this  longitudinal  frame  to  the 
armour-framing,  which  runs  from  the  front  to  the  back, 
and  is  constructed,  like  the  longitudinal  frame,  of  plates 
and  angle-irons.  The  transverse  frames  above  the 
armour-framing  are  set  back  a  distance  equal  to  the 
thickness  of  the  armour  and  teak  backing,  and  consist 
of  heavy  angle-irons  9f  by  3^  inches  by  ^  inch,  which 
are  fastened  to  the  inner  e%e  of  the  plates  of  the 
transverse  frames  above  the  fourth  longitudinal,  and 
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are  provided  at  the  outside  with  two  angle-irons  for 
the  fastening  of  the  skin  plating  behind  the  armour. 
These  frames  behind  the  armour  extend,  in  the  cen¬ 
tral  part  of  the  vessel — that  is  to  say,  within  the  limits 
of  the  armoured  battery — to  the  upper  deck ;  but 
before  and  abaft  the  battery  to  the  battery-deck 
only,  or  to  the  height  of  the  armoured  belt  for  the 
two  ends  of  the  vessel.  The  extension  of  the  frames 
at  both  sides  of  the  battery  to  the  upper  deck  is 
formed  of  light  angle-iron ;  the  parts  of  the  vessel 
above  the  battery-deck  being  altogether  constructed 
of  light  material.  A  water-tight  bulkhead  of  plates 
strengthened  by  angle-imns  is  erected  almost  parallel 
with  the  outer  skin  of  the  vessel  at  each  side,  over 
the  length  of  the  double  bottom,  and  extends  from  the 
latter  to  the  battery-deck,  at  a  distance  from  the  side 
of  the  vessel  of  about  3  feet ;  these  bulkheads  connected 
with  the  double  bottom  and  battery-deck  form  a  wing 
passage,  and  they  will  serve  to  prevent  the  entrance  of 
water  during  action  into  the  other  parts  of  the  vessel. 
The  space  formed  by  these  partitions  and  the  outer 
skin  is  further  divided  longitudinally,  by  water-tight 
transverse  frames,  so  that  even  here  only  small 
spaces  can  be  filled  with  water,  which  can  easily  be 
removed  by  the  pumps.  The  wing  passage  will  serve 
besides,  during  action,  as  a  space  for  effecting  pro¬ 
visional  repairs  of  damage  done  by  shells.  The 
outer  skin  of  the  vessel  has  the  almost  uniform  thick¬ 
ness  of  ‘6  inch,  but  is  doubled  at  the  extreme  ends. 
The  skin  plating  behind  the  armour  consists  of  two 
•62-inch  plates,  while  that  above  it  at  the  two  ends 
of  the  armoured  casemate  has  a  thickness  of  *4  inch. 
Much  care  was  used  in  riveting  up  the  hull,  and  rivets 
with  a  conical  enlargement  under  the  head  coi-respond- 
ing  with  the  cone  of  the  holes  are  used  throughout.* 
The  decks  are  carried  on  girders  of  X  I  irons. 
The  upper  deck  is  covered  to  a  great  extent,  the 

is  the  common  practice  in  well-built  iron  ships  of  all  classes. 
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battery-deck  entirely,  and  tlie  between-deck  in  several 
parts,  with  iron  plates  from  1  to  f  inch  thick,  upon 
whicli  the  deck-planks  are  laid,  Tlie  parts  for  taking 
the  capstan,  hawse-holes,  timber- heads,  &c.,  are  espe¬ 
cially  strengthened,  and  the  deck-beams  are  supported 
by  wrought-iron  tubes  which  have  a  diameter  of 
inches,  under  the  turrets,  and  a  thickness  of  inch. 
The  vessel  is  divided,  below  the  battery-deck,  by 
water-tight  transverse  bulkheads,  into  twelve  compart¬ 
ments,  which  are  connected  with  each  other  by  water¬ 
tight  doors.  Two  of  these  bulkheads,  ooe  at  the  front 
and  the  other  at  the  rear  of  the  battery,  extend  to 
the  upper  deck,  and  serve,  between  tlie  latter  and  the 
battery-deck,  for  the  reception  of  armour-plates  which 
are  to  protect  the  battery  against  shells  that  may 
penetrate  through  the  two  ends  of  the  vessel. 

Special  care  is  taken  to  maintain  effective  communi¬ 
cation  between  the  pumps  and  the  whole  of  the  water¬ 
tight  compartments.  For  this  purpose  an  iron-pipe 
12^  inches  in  diameter  is  placed  close  to  and  parallel 
with  the  vertical  keel-plate  over  the  length  of  the 
double  bottom ;  from  this  pipe,  branches  extend  to  the 
various  compartments  ;  the  main  pipe  carries  the  accu¬ 
mulated  water  into  a  reservoir  placed  under  the  engine- 
room,  whence  it  is  pumped  away  by  a  12^-inch  Downton 
pump,  as  well  as  by  all  the  pumps  in  connection  with 
the  machinery.  Four  9^-inch  pumps  in  addition  are 
placed  upon  the  battery-deck,  each  of  which  can  take 
water  from  a  certain  number  of  compartments  ;  and 
one  can  also  be  used  for  filling  the  tanks  with  drinking- 
water. 

An  armoured  battery  surrounds  the  two  turrets, 
which  project  6  feet  2  inches  above  the  upper  deck. 
This  battery  is  separated  from  the  fore  and  after- 
parts  of  the  vessel  by  armoured  transverse  bulkheads  ; 
while  those  parts  between  wind  and  water  are  protected 
only  by  an  armour  belt  reaching  from  about  6  feet 
2  inches  below  water  to  the  battery-deck.  The  armoured 
battery  is  90  feet  6  inches  long ;  it  contains  the 
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bases  of  the  turrets,  and  also  a  second  steering-wheel, 
to  be  used  during  action.  The  armour-plates  at  tlie 
water-line  are  9|  inches  thick,  below  the  water  7| 
inches,  and  above  water  8^  inches;  these  thicknesses, 
decreasing  towards  the  ends  to  4  inches.  Behind 
these  plates  there  is  a  backing  of  teak  about  lOJ 
inches  thick,  which  varies  with  the  thickness  of 
the  plates.  Angle-irons  are  used  for  securing  this 
layer  of  teak  to  the  outer  skin.  The  armour-plates  are 
fastened  by  means  of  bolts  2^  inches  in  diameter,  with 
conical  heads  fitting  exactly  in  corresponding  holes  in 
the  plates..  The  nuts  of  the  bolts  for  the  armour- 
plates  are  provided  with  double  washers,  between  which 
a  thickness  of  india-rubber  is  placed  in  order  to  prevent 
as  far  as  possible  the  tearing  off  of  the  bolt-heads  when 
the  armour-plates  are  struck  by  shot.  The  armoured 
transverse-bulkheads  have  plates  5  inches  thick,  with  a 
teak  backing  8^  inches  thick. 

The  two  turrets  are  each  26  feet  9  inches  in  dia¬ 
meter,  and  are  constructed  in  the  usual  way.  They 
extend,  as  already  stated,  from  the  battery-deck  to 
6  feet  2  inches  above  the  upper  deck,  and  are  covered 
with  armour  at  the  parts  exposed  above  the  upper 
deck.  The  armour-plates  of  these  turrets  are  8 J  inches 
thick,  with  the  exception  of  those  through  which  the 
port-holes  for  the  guns  are  cut,  which  have  a  thickness 
of  10^  inches.  The  teak  backing  behind  the  armour- 
plates  is  8^  inches  in  thickness.  These  turrets  revolve 
round  strong  cast-iron  centre-pins  secured  vertically 
upon  the  battery-deck;  and  their  weights  are  taken 
on  conical  rollers,  placed  near  the  outer  circumference 
of  the  turrets,  which  run  upon  girders  laid  on  the 
deck.  Each  turret  is  worked  by  a  high-pressure  engine 
liaving  two  cylinders  10^  by  10^  inches,  and  also  by 
hand -gear.  The  ammunition  is  brought  from  the 
battery-deck  into  the  turrets  through  openings;  and 
the  tops  are  covered  by  plates  1  inch  thick.  The 
port-sills  of  the  turrets  are  13  feet  5^  inches  above  the 
water-line. 
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The  armament  in  the  turrets  consists  of  four  Krupp 
rifled  guns,  about  10^  inches  in  the  bore  and  22  tons 
in  weight,  besides  a  lighter  gun  forward  and  one  aft. 

The  upper  deck  is  provided  in  the  middle  above 
the  turrets  with  a  light  platform  for  the  reception  of 
the  chart-house,  and  there  is  also  a  raised  forecastle. 
A  light  screen  for  the  protection  of  the  crew  is  arranged 
so  that  it  may  be  laid  down,  and  be  out  of  the  way  of 
the  guns  of  the  turrets,  which  are  close  to  the  upper 
deck. 

The  Borussia  has  three  masts,  made  to  be  used  as 
ventilating-tubes,  and  she  is  a  full-rigged  frigate. 
The  propelling  engines  are  of  the  three-cylinder  type, 
and  the  boilers  of  the  box  form.  The  screw  is  fixed, 
and  fitted  to  revolve  when  the  ship  is  under  sail. 

The  following  are  the  weights  of  materials  used  for 
the  hull  of  the  vessel,  the  masts,  and  the  turrets: 
Plates,  1,375  tons  ;  angle-irons,  600  tons  ;  bar  iron  and 
large  forgings,  33  tons ;  iron  for  rivets,  115  tons ;  and 
cast  iron,  100  tons. 

Exceptional  strength  of  material  was  required.  Eor 
the  plates  two  qualities  were  specified,  the  first  to  be 
used  for  all  important  parts,  such  as  the  keel,  longi¬ 
tudinal  frames,  outer  skin,  deck-plates,  &c.,  while  the 
other  was  used  for  the  transverse  frames,  wing  passage, 
coal-bunker  and  transverse  bulkheads,  &c.  The  tests 
were  made  as  follows :  Out  of  each  five  tons  of  plate 
one  sample  plate  was  selected,  from  which,  again, 
sample  pieces  were  taken,  and  tested  for  absolute 
and  relative  strengths,  with  and  across  the  fibre,  both 
cold  and  hot.  In  order  to  test  the  absolute  strength, 
the  sample  pieces  were  torn  asunder  by  a  testing 
machine ;  the  strength  required  for  plates  of  the  first 
quality  being,  for  longitudinal  strain,  49,677  pounds  per 
square  inch,  with  7  per  cent,  extension ;  for  cross 
strain,  40,447  pounds  per  square  inch,  with  5  per 
cent,  extension ;  for  plates  of  second  quality,  in  the 
longitudinal  direction,  44,705  pounds  per  square  inch, 
with  5  per  cent,  extension,  and  for  cross-strain,  39,000 
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pounds  per  square  inch,  with  3  per  cent,  extension. 
The  relative  strength  of  the  plates  was  tested  by  bend¬ 
ing  them  over  the  rounded  corner  of  a  test-plate  up  to 
a  certain  angle,  both  cold  and  hot,  by  means  of  light 
blows  with  a  hammer.  The  angles  differed  for  tlie 
various  thicknesses  and  qualities  of  plates,  and  the 
iron  had  to  show  no  fracture  or  cracks.  For  angle- 
iron  and  special  sections  one  quality  only  was  allowed, 
which  sustained  in  tension  a  strain  of  49,677  pounds 
per  square  inch,  and  gave  an  extension  of  7  per  cent. 
Great  care  was  also  taken  in  the  forge  tests.  All  the 
materials  were  furnished  by  German  manufacturers, 
except  the  stern-post  and  the  armour-plates. 

As  regards  other  vessels,  Germany  has  now  thirteen 
armoured  ships  afloat,  tiiree  of  which  are  turret-ships, 
viz ;  the  Preussen,  tlie  Friedrich  der  Grosse,  and  the 
Grosser  Kurfurst.  The  first  of  these  was  built  at  the 
private  dock-yard  of  the  Vulcan  Company  at  Stettin, 
and  was  launched  in  1873 ;  the  second  was  built  at 
Ellerbeck,  near  Kiel,  and  launched  in  1874,  and  is 
being  completed  at  the  Kiel  dock-yard ;  the  third  was 
constructed  at  the  Wilhelmshafeu  dock  -  yard,  and 
launched  in  1875.  These  vessels  are  full-rigged  ships, 
constructed  after  the  model  of  ihe  British  ship  Monarch, 
and  engined  by  a  Berlin  factory.  The .  boilers  of  the 
Grosser  Kurfurst  are  of  the  old  box  type,  and  the 
engines  are  intended  to  be  worked  either  compound  or 
non-compound,  as  desired — an  arrangement,  in  view  of 
the  low  pressure  of  steam,  not  to  be  commended. 

The  Germans  have  also  three  broadside  frigates,  viz. ; 
the  Konig  Wilhelm,  built  at  the  Thames  Iron-Works, 
and  at  the  time  of  her  construction  reckoned  to  be  a 
powerful  vessel ;  *  the  Kronprinz,  built  by  Messrs. 
Samuda  Brothers  on  the  Thames ;  and  the  Fried¬ 
rich  Karl,  built  in  France,  near  Toulon.  The  two 
broadside  iron-clads,  Kaiser  and  Deutschland,  have 

r 

'*  The  Kiinig  Wilhelm  was  designed  by  Mr.  E.  J.  Eeed,  C.B.,  M.P., 
for  tlie  Turkish  Government,  and  was  originally  called  the  Fatikh.  She 
was  sold  during  her  construction  to  the  Prussian  Government.  (Ed.)  ^ 
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already  been  described.  There  are  also  two  armoured 
corvettes,  the  Leip7J.g  or  Arcona  and  the  Hansa,  both 
built  by  the  Vulcan  Company,  near  Stettin  ;  the 
monitor  Arminius  and  the  little  armoured  vessel  Prinz 
Adalbert ;  the  former  built  in  France,  and  the  latter  by 
Messrs.  Samuda  at  Poplar,  on  the  Thames.  There  is 
the  corvette  Elisabeth,  repaired  and  fitted  at  Dantzig 
in  June  for  a  cruise  to  America.  Besides  the  above- 
mentioned  vessels  actually  afloat,  there  are  three  new 
unarraoured  corvettes :  the  Ariadne,  the  Freya,  and  the 
Louise,  of  1,258  tons  ;  and  also  a  larger  vessel,  the 
Thusnelda,  of  1,846  tons.  The  old  wooden  frigates, 
such  as  the  Hertha  and  Medusa,  and  other  vessels  with 
auxiliary  steam-power  are  obsolete,  and  may  be  con¬ 
sidered  useless  as  fighting-vessels. 

The  ships  of  the  German  navy  are  armed  with 
Krupp  steel  breech-loading  guns.  In  these  weapons 
the  German  officers  have  great  confidence.  No 
originality  has  yet  been  exhibited  in  naval  architecture 
by  the  German  constructors  or  engineers.  It  has  been 
thought  sufficient  to  repeat  the  types  which  the  English 
have  tried  and  found  successful,  and  as  a  consequence 
of  this,  considering  the  long  period  of  time  it  has  taken 
them  to  build  an  armoured  ship,  and  the  advance 
recently  made  in  naval  construction  in  England,  they 
are  now  completing  types  far  inferior  to  the  latest 
English  designs,  aud  they  will  have  nothing  to  match 
the  Thunderer,  Devastation,  or  Dreadnought,  tbe  Russian 
Peter  the  Great,  or  the  Italian  Dandolo  and  Duilio,  to 
say  nothing  of  the  Inflexible. 

The  German  naval  authorities,  however,  have  not 
overlooked  the  progress  being  made  elsewhere  in  the 
construction  of  fast  unarmoured  ships,  and  with  the 
view  of  keeping  pace  in  this  respect  with  other  con¬ 
tinental  powers,  they  have  designed  and  placed  on  the 
stocks  two  vessels  of  the  rapid  type,  the  speed  of 
which  is  to  be  15^  knots  per  hour;  they  have  also 
completed  one  fine  specimen  of  a  torpedo-boat— the 
Ziethen,  described  on  page  264 — which  made  16^  knots 
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per  hour  on  the  trial  at  the  measured  mile ;  and  are 
building  another.  Some  other  types  are  to  be  put 
in  hand,  which  when  they  are  all  finished,  will  raise  the 
German  fleet  to  a  very  respectable  degree  of  strength. 

The  two  principal  naval  dock-yards  of  Imperial 
Germany  are  situated  at  Kiel,  on  the  Baltic,  and  Wil- 
helmshafen,  on  the  North  Sea.  The  latter  invites 
special  attention  and  examination,  not  only  because  of 
its  great  importance  as  a  building  yard,  but  also  in 
consequence  of  its  being  the  most  modern  of  all  the 
European  dock-yards.  It  was  laid  out  on  clear  ground 
as  late  as  1871,  and  the  works  were  commenced  with 
an  appropriation  for  them  of  about  £2,100,000.  The 
engineer  selected  by  the  Admiralty  at  Berlin  to  make 
the  designs  and  plans,  made  visits  of  observation  and 
study  to  the  leading  European  yards  before  begin¬ 
ning  his  work.  The  plans  subsequently  prepared  by 
him  for  this  important  naval  establishment,  and  from 
which  the  works  and  buildings  up  to  this  time  have 
been  constructed,  are  most  excellent  in  their  general 
arrangement  as  well  as  in  the  design  of  the  buildings. 
Those  already  completed  present  an  outward  uniform 
appearance  not  to  be  found  in  dock-yards  elsewhere. 
They  are  built  one  storey  high,  of  stone,  brick,  iron, 
and  glass ;  and  such  of  them  as  are  to  be  used  for 
mechanical  operations  are  grouped  in  three  spans,  and 
are  well  lighted  from  the  sides  as  well  as  from  the  roofs. 
They  are  supplied  with  the  best  kind  of  machinery  and 
appliances.  Several  buildings  are  yet  to  be  erected, 
and  one  novel  arrangement  in  the  design,  but  not  yet 
commenced,  is  a  canal  to  convey  fresh  water  from  a 
distance  into  the  basin  in  the  yard. 

In  the  Appendix,  at  page  331,  will  he  found  the 
principal  dimensions  of  the  armoured  ships  of  the 
German  fleet. 
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CHAPTER  XIV. 

THE  ITALIAN  NAVY. 

The  fleet  which  Italy  actually  had  at  its  disposal  at  the 
beginning  of  last  year  was  composed  as  follows  : — 
Fourteen  armoured  ships,  of  which  six  were  already 
armed  and  constituted  the  permanent  squadron  of  the 
Mediterranean,  four  were  ready  to  be  armed  at  short 
notice,  and  four  required  considerable  repairs  before 
the}’’  could  be  sent  to  sea  ;  seven  gunboats,  of  which 
three  were  out  of  the  Mediterranean,  two  armed  and  in 
the  Mediterranean,  and  two  ready  to  be  armed ;  nine 
wooden  frigates  or  corvettes,  of  which  two  were  beyond 
the  Mediterranean,  three  armed  and  in  Italian  ports, 
two  capable  of  being  armed  in  a  few  days,  and  two 
others  requiring  repairs ;  six  dispatch-boats,  of  which 
three  were  armed,  one  could  be  ready  for  sea  at  short 
notice,  and  two  after  a  few  weeks ;  six  transports,  of 
which  the  three  largest  were  armed ;  and  eighteen 
smaller  vessels,  of  w'hich  one  was  on  foreign  service, 
three  armed,  and  fourteen  ready  to  be  armed.  These 
ships  carry  a  total  of  490  guns,  of  which  thirty  in  the 
armoured  ships  are  of  heavy  calibre. 

The  changes  and  improvements  in  all  branches  of 
administration  and  industry  during  the  last  quarter  of 
a  century,  and  especially  in  mechanics,  force  them¬ 
selves  on  the  observation  of  any  one  acquainted  with 
Italian  ports  and  cities  in  past  years.  The  spirit  of 
advancement  and  progress  is  seen  to  advantage  in  the 
reconstruction  of  the  navy.  So  far  has  it  been  pushed 
that  the  late  minister  of  marine  at  Rome,  when  he 
took  office,  is  said  to  have  condemned  as  obsolete,  and 
recommended  the  sale  of,  no  less  than  seven  armoured 
ships  out  of  a  total  of  fifteen — although  some  of  these 
condemned  vessels  were  quite  new — because  they  did 
not  reach  the  standard  set  up  for  modern  fighting- 
vessels.  This  plan  has  not  yet  probably  been  carried 
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out  in  its  entirety,  and  may  not  be  until  after  the 
more  ibrmidable  ships  now  under  construction  have 
been  completed. 

The  two  powerful  armoured  sister  ships,  Duilio  and 
Dandolo,  the  former  building  at  Castellamare,  and  the 
latter  at  Spezzia,  on  the  Mediterranean,  liave  been  de¬ 
signed  to  outdo  the  Biitish  Inflexible  and  every  other 
fighting-ship  afloat. 

The  Duilio  was  commenced  at  Castellamare  in  1873, 
and  launched  in  May  of  last  year. 

The  general  design  as  to  the  position  of  the  turrets 
is  similar  to  that  of  the  Inflexible,  and  although  this 
vessel  was  commenced  Inflexible,  \i  is  claimed 

by  Mr.  Reed,  late  Chief  Constructor  of  the  British  navy, 
that  the  original  conception  belongs  to  him.* 

The  principal  dimensions  of  the  Duilio  are  as 
follows 


Length  between  perpendiculars  .  339  feet  7  inches. 

Breadth,  extreme  . 61  feet  7  inches. 

Draught  of  water,  mean  .  25  feet  1 1  inches. 

Height  of  main  deck  above  water .  11  feet  6  inches. 

Height  of  battery .  15  feet  9  inches. 

Displacement  at  load-draught  .  10,650  tons. 


The  hull  is  built  of  iron  and  steel,  on  the  cellular 
system.  The  double  bottom  is  upwards  of  230  feet  in 
length,  and  is  divided  both  longitudinally  and  trans¬ 
versely  into  a  great  number  of  water-tight  compart¬ 
ments.  Each  compartment  is  provided  with  a  branch 
pipe  which  is  connected  with  one  principal  pipe  in 
communication  with  powerful  steam-pumps.  These 
pipes  are,  of  course,  fitted  with  the  necessary  valves,  so 
that  in  the  event  of  damage  to  the  bottom  of  the  vessel, 
or  if  required  for  any  piuqiose,  one  or  more  of  the  com¬ 
partments  may  be  drained  or  filled  with  water.  There 
is  a  central  armoured  citadel  or  compartment,  107  feet 
in  length  and  58  feet  in  breadth,  which  descends 

*  Mr.  Reed  described  t’ne  principle  upon  which  the  Duilio  and  the 
Dandolo  have  been  built  to  the  Committee  of  Naval  Designs  in  1871 ; 
the  idea  then  having  been  quite  new.  See  the  printed  report  of 
evidence  given  before  ttie  committee.  (,Ed.) 
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5  feet  11  indies  below  the  load  water-line.  It  protects 
the  machinery  and  boilers,  the  magazines  and  shell- 
rooms,  and  a  portion  of  the  machinery  for  working  the 
turrets  and  guns.  Before  and  abaft  this  citadel,  tlie 
decks,  which  are  4  feet  9  inches  under  water,  are 
defended  by  horizontal  armour.  Over  this  citadel  is 
built  a  second  central  armoured  compartment  which 
encloses  the  bases  of  the  turrets  and  the  remaining 
portion  of  the  mechanism  employed  in  loading  and 
working  the  guns.  Lastly,  above  this  second  compart¬ 
ment  rise  the  two  turrets.  The  positions  of  the  turrets 
in  the  Duilio  were  made  the  subject  of  a  novel  arrange¬ 
ment,  and  one  which  was  tried  for  the  first  time  in  that 
vessel.  They  are  placed  at  each  end  of  the  central 
armoured  citadel — not  in  an  even  line  with  each  other, 
but  diagonally  at  opposite  corners  of  it,  with  tlie  centres 
at  the  distance  of  7  feet  8  inches  from  the  longitudinal 
centre-line  of  the  vessel,  so  that  one  turret  is  on  the  star¬ 
board  side  and  the  other  on  the  port  side.  The  effect 
of  this  arrangement  is  to  render  the  discharge  of  three 
guns  simultaneously  possible  in  a  direction  parallel  with 
the  keel.  Only  the  central  portion  of  the  ship  and  the 
two  turrets  will  be  protected  by  vertical  armour. 

As  regards  the  armour  of  the  central  portion  of  the 
vessel,  the  thickness  of  which  at  the  water-line  is  to  be 
22  inches,  this  was  made  to  depend  upon  tlie  results  of 
comparative  experiments  made  at  Spezzia  by  shots 
fired  from  the  100-ton  gun,  and  guns  of  10  and  11-inch 
calibres,  against  targets  constructed  on  four  different 
systems  of  steel  and  iron  from  three  manufacturers. 
The  decks  are  protected  by  horizontal  armour  of  iron 
and  steel,  the  former  being  under  the  latter.  The 
armour  of  the  turrets  will  be  composed  of  solid  plates 
19  inches  in  thickness,  resting  upon  teak  backing. 

The  original  intention  was  that  the  armament  should 
be  composed  of  two  60-ton  guns  in  each  turret ;  sub¬ 
sequently  it  w'as  decided  to  employ  100-ton  guns,  and 
the  opinion  prevails  that  this  decision  was  arrived  at 
after  it  became  known  that  the  Inflexible  would  be 


170 


THE  WAE-SHIPS  OF  EUROPE. 


armed  with  81-ton  guns.  These  100-tou  guns,  four 
for  each  ship,  are  being  manufactured  by  Messrs.  Sir 
William  Armstrong  &  Co.,  at  the  Elswick  Works, 
Newcastle-on-Tyne ;  the  first  one  having  already  been 
sent  to  Italy  and  tested. 

The  diagram  opposite  illustrates  the  construction 
of  this  gun — the  heaviest  and  most  powerful  piece  of 
ordnance  in  the  world.  It  is  built  up  according  to  the 
well-known  Armstrong  system,  the  inner  barrel  or  tube 
being  of  steel,  rifled  with  twenty-seven  grooves,  and 
spaces  between  which  are  nearly  equal  to  the  width  of 
the  grooves  themselves.  The  rifling  has  a  varying 
pitch,  commencing  at  the  powder-chamber  with  1  in  150 
calibres,  and  increasing  to  1  in  50  calibres.  The  depth 
of  the  grooves  is  I  inch  throughout.  The  steel  barrel  is 
B1  feet  3  inches  long,  and  6  inches  thick  at  the  powder- 
chamber,  diminishing  to  3^  inches  at  the  muzzle.  It 
is  bound  by  successive  layers  of  wrought-iron  coiled 
cylinders.  There  are  ten  of  these  coils,  and  they  are  so 
arranged  as  to  interlock  with,  and  overlap,  each  other  at 
their  junctions ;  six  of  them  are  on  the  rear  half  of  the 
gun,  the  remaining  four  being  placed  singly  end  to  end 
round  the  tube.  The  first  coil  at  the  rear  is  13  feet 
long  by  7  inches  thick ;  over  this  is  a  coil  8  inches 
thick  and  9  feet  6  inches  in  length  ;  then  the  trunnion- 
coil,  11  indies  thick  and  2  feet  long;  and  forward 
of  this  a  tapered  coil,  having  an  average  thick¬ 
ness  of  6  J  inches  and  a  length  of  3  feet  3  inches.  Out¬ 
side  of  the  second  long  coil  is  another  to  the  rear, 
9  inches  thick  and  5  feet  6  inches  long.  Thus  the 
breech  portion  is  bound  by  three  coils,  the  trunnion 
portion  by  two,  and  the  forward  portion  by  one.  The 
trunnions,  it  may  be  observed,  are  not  placed  on  the 
largest  diameter  of  the  gun,  but  further  forward,  where 
the  diameter  is  considerably  reduced.  There  is  con¬ 
sequently  a  preponderance  of  weight  at  the  breech  end 
of  about  4  tons,  which  gives  stability  in  wmrking, 
inasmuch  as  the  weight  is  always  tending  in  one  direc¬ 
tion.  The  exact  weight  of  the  gun  is  101^  tons,  its 
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extreme  length  32  feet  10^  inches,  the  length  of  the 
bore  30  feet  6  inches,  and  its  diameter  17  inches. 
The  outside  diameter  of  tlie  gun  at  the  muzzle  is 
29  inches,  and  at  the  breech  77  inches. 

The  weight  of  the  projectile  is  2,000  pounds,  and 
that  of  the  proof-shot  2,500  pounds.  Rotation  is 
given  to  the  projectile,  not  by  the  usual  studs  fixed  in 
the  projectiles  to  fit  the  grooves,  but  by  a  copper  gas- 
check  fixed  into  the  rear  end  of  the  shell,  which 
has  pi’ojections  upon  it  corresponding  with  the  rifling- 
grooves  of  the  gun  ;  the  shell  is  so  formed  that  the 
check  on  being  crushed  against  it  by  the  pressure  of 
the  explosion  of  the  charge,  presses  firmly  about  it; 
and  the  gas-check  being  caused  to  rotate  by  the  rifling- 
grooves,  causes  the  projectile  to  turn  and  take  the 
same  rotation.  The  cartridge  measures  52  inches  in 
length  by  15^  inches  in  diameter. 

The  trials  decided  upon  were  to  settle  two  points: 
the  one  being  the  test  of  the  gun  and  machinery  for 
working  it  under  the  stipulations  of  the  contract, 
and  the  other  the  determination  of  the  system  of 
vertical  armour  to  be  used  on  the  ships  in  which  the 
guns  are  to  be  mounted.  With  these  objects  in  view 
the  gun  was  placed  on  a  pontoon  constructed  for  the 
purpose,  and  moored  in  a  firing  position  in  the  bay  of 
Spezzia.  It  was  mounted  on  its  trunnion-blocks,  left 
free  to  move  on  the  slides,  and  fitted  with  all  the  hy¬ 
draulic  apparatus  for  loading,  for  regulating  the  eleva¬ 
tion,  for  running  out,  and  for  taking  the  recoil,  which 
will  be  used  when  the  gun  is  in  place  on  board  ship.  As 
descriptions  of  similar  apparatus  for  working  the  guns 
of  the  Inflexible  and  Thunderer  have  already  been 
given,  it  is  only  necessary  to  state  here  the  results  of 
the  trials,  which,  with  the  drawings  of  the  targets, 
have  been  taken  from  The  Engineer. 

If  correctly  reported,  the  contract  provides  that  the 
gun  shall  discharge  2,000-pound  shots  with  a  muzzle 
velocity  of  1,350  feet ;  and  that  50  rounds  of  service- 
charges  shall  be  fired,  5  of  them  with  projectiles  weigh- 
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iag  2,500  poun  ls  each.  The  experimental  firing  was 
commenced  on  the  20th  of  October,  1876.  The  series 
of  rounds  fired  by  the  100-ton  gun  is  given  by  The  Engi¬ 
neer  of  the  29th  of  December,  in  the  following  table  : — 


1  No.  of  rounds.  | 

Date. 

Charge,  weight,  and 
nature,  in  pounds. 

Projectile,  weight 
in  pounds. 

Velocity,  feet  per 
second. 

Mean  pressure  in 
bore,  tons. 

Stored  up  worlt, 

foot-tons. 

Recoil  valves  set 
to  pounds. 

j  Recoil  in  inches. 

Remarks. 

Oct.  20 

209  WA.  inch 

2000 

(*)  1 

1050 

2|Oct.  21 

300  W  A.  li  inch 

2000 

n 

16*6 

3  Oct.  21 

300  WA.  liinch 

2000  1375 

15-9 

1150 

,  , 

4  Oct.  23 

300  W  A.  14  inch 

2000 

5  Oct.  231300  WA.  1^-  inch 

2000 

16*0 

35*5 

6  Oct.  23,300  WA.  1^  inch 

2000  1374 

16-0 

, , 

37*5 

lOct.  23  330  WA.  l.Unch 

2000  1456 

20*8 

29,400 

8  Oct.  23  319  W.\.  li- inch 

2000  1424 

18-0 

28,120 

. , 

42*5 

9  Oct.  25i319  WA.  1^  inch 

2000 

(*) 

44-75 

10  Cot.  251336  •  6  WA.  1+ inch 

2000 

. , 

19*4 

. , 

. . 

46-3 

ll|Oct.  26 

319  WA.  14  inch 

2000  1437 

, , 

28,625 

42-6 

At  earth. 

12  Oct.  26 

341  WA.  inch 

2000  1475 

19-75 

30,150 

, , 

47-1 

At  Schneider  steel  plate. 

13  Oct.  27 

341  WA.  1^  inch 

2000 

1478 

19-75 

30,300 

46-0 

At  Cainmell's  iron  plate. 

14  Oct.  27 

341-6  WA.  14  inch 

20ti0:  .. 

Shot  bi*oken  np  in  bore. 

15|Oct.  27 

341-6  WA.  14  inch 

2000  1500 

20*6 

31,200 

At  MarreTs  iron  plates. 

le  Oct.  28 

341-6  WA.  14  inch 

2000 

1493 

20*1 

.30,920 

2180 

48-2 

At  Schneider  steel. 

17 

Oct.  28 

341-6  WA.  14  inch 

1492 

19*2 

30,880 

. . 

46-0 

At  MarreTs  sandwich  target. 

18 

Nov.  2 

319  WA.  l4  inch 

2000 

.. 

Fired  against  earth. 

19 

Nov.  2 

319  WA.  14  inch 

2500  1294 

19-0' 

29,027 

44-75 

20  Nov.  2 

319  WA.  1-^inch 

2500  1293 

19-0 

29,000 

44*5 

2ljNov.  2 

319  WA.  Hinch 

2500,1293 

18-8 

29,000 

2000 

44 ‘25 

22Nov.  3 

319  WA.  14  inch 

2500 

42*5 

Not  taken. 

23 

Nov.  3 

319  WA.  14  inch 

2500 

IS'6 

40-5 

24 

Nov.  3 

276  Fossano  . . 

2000  1165 

,  „ 

. . 

1860 

23*5 

25  Nov.  3 

300  Fossano  . . 

2000 

863 

('t') 

, , 

17-0 

26  Nov.  3 

319  WA.  14  inch 

2000 

27;Nov.  4 

319  WA.  inch 

2000 

36-0 

28  Nov.  4 

319  WA.  14  inch 

2000 

29  Nov.  4 

319  WA.  14  inch 

2000 

35-25 

3o:  .. 

2000 

31 

.  , 

2000 

32 

,  , 

200( 

33 

Nov.  7 

353  WA.  14  inch 

200(Vl512 

31,701 

, 

42*5 

34 

Nov.  7 

364  WA.  14  inch 

2000  1514 

19*8 

31,75C 

42-8 

35 

Nov.  7 

375  WA.  14  inch 

2000  1542’8  21*4 

33,00c 

.. 

At  eai-th. 

36 

Nov.  8 

319  WA.  14  inch 

2b00 1348 

25,20( 

)  .. 

37  [Nov.  8 

341  Fossano  . . 

2000  1415 

, 

27,761 

)  .. 

. 

38  Nov.  8 

363  Fossano  . . 

2000  1408 

27,501 

)  .. 

39  Nov.  8 

363  Fossano  . . 

2000  1444 

1 

13 

28,901 

)i  .. 

1 

•* 

(*)  Not  observed.  (f)  Under  10. 


The  four  targets  represented  in  the  diagram  are  faced 
v/ith  three  different  kinds  of  plates,  viz. :  wrought-iron 
plates  by  Messrs.  0.  Cammell  &  Co.,  of  Sheffield,  steel 
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plates  by  Messrs.  Schneider  &  Co.,  of  Creuzot,  and 
wrought-iron  plates  by  M.  Marrel,  another  French 
maker.  The  plates  are  each  11  feet  6  inches  long  by 
4  feet  7  inches  deep  and  22  inches  thick,  inonnted  on 
framing  representing  that  of  the  Duilio  and  JDandolo. 
Referring  to  the  illustrations,  the  second  series  shows 
each  target  alter  receiving  one  blow  from  a  10-inch 
projectile.  The  third  series  shows  each  after  receiving, 
in  addition  to  the  single  round  above  mentioned,  a 
salvo  consisting  of  one  10-inch  and  one  11-inch  sliot. 
The  fourth  series  deals  with  the  effect  produced  by  the 
100-ton  gun,  either  on  uninjured  or  injured  targets. 
The  natuie  of  the  target  and  the  rounds  hitherto  fired 
at  it  are  explained  under  each  section. 

“  The  targets  were  built  facing  the  sea.  Opposite 
them  r\as  a  battery  consisting  of  one  11-inch  gun, 
with  two  10-inch  guns,  one  on  either  side  of  the  11- 
inch.  Farther  to  the  rear,  that  is,  farther  out  to  sea,  was 
tire  raft  on  which  the  100-ton  gun  was  placed.  As 
this  gun  is  mounted  for  working  in  a  turret,  it  has  no 
provision  for  lateral  adjustment  or  training ;  the  raft, 
therefore,  acted  as  a  turret,  the  gun  was  ‘  lined  ’  as  to 
dii'ection  by  moving  the  raft,  and  the  latter  could  be 
readily  turned  right  round  so  as  to  enable  the  gun  to 
fire  out  to  sea  for  range.  This  was  the  part  of  the 
programme  that  was  first  carried  out,  the  rounds  from 
No.  1  to  No.  10  being  fired  to  test  the  performance  of 
the  gun  as  to  the  velocity  it  imparted  to  the  shot  and  the 
pressure  in  the  bore  of  the  gun,  and  as  to  its  strength 
and  general  behaviour  on  firing,  and  also  to  test  the 
action  of  the  carriage.  The  most  important  matter  in 
this  firing  is  the  velocity  that  can  be  obtained  with 
such  a  pressure  as  may  be  deemed  allowable  for  the 
gun.  The  highest  pressure  recorded  is  20'8  tons  per 
square  inch,  and  this  appears  to  be  somewhat  exception¬ 
ally  high  and  irregular.  The  velocity  corresponding  to 
it  was  1,456  feet  per  second.  The  highest  pressure 
occurring  in  the  80-ton  gun,  during  the  first  ten  rounds 
with  the  full  16-inch  bore,  was  22  tons,  the  correspond- 
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ing  velocity  being  1,452  feet.  This,  it  is  fair  to  say, 
was  also  somewhat  unduly  high,  being  the  highest  regis¬ 
tered  at  any  time  with  this  calibre. 

“The  Italian  arrangements  as  to  taking  velocities,  &c., 
were  not  in  good  working  order  at  first ;  but  every 
portion  of  the  Elswick  gear  performed  its  work  well, 
the  recoil  being  checked,  and  the  gun  working  easily. 

“The  plate-experiments  began  on  October  25,  1876. 
The  construction  of  the  targets  is  shown  in  No.  1  series 
of  sections  and  in  Fig.  1.* 

“  No.  1  target  consists  of  wrought-iron  plates  22  inches 
thick,  on  teak  backing,  with  angle-iron  framing  and 
IJ-inch  skin.  The  plate  on  the  upper  half  of  the 
target  is  supplied  by  Messrs.  Cammell,  and  that  on  the 
lower  by  Messrs.  Marrel. 

“No.  2  is  a  similar  target,  except  that  22-inch  steel 
plates  supplied  by  M.  Schneider  take  the  place  of  the 
wrought-iron  plates  both  in  the  upper  and  lower 
portions  of  the  target. 

“  Nos.  3  and  4  are  targets  with  what  has  been  termed 
sandwich-plating  in  the  upper  halves,  that  is  to  say, 
alternate  layers  of  iron  and  teak,  the  front  plate  in 
each  case  being  12  inches  thick  and  the  inner  plate 
10  inches  as  shown  in.  Nos.  3  and  4 ;  the  only  difference 
between  the  two  being  that,  in  No.  3,  Marrel,  and  in 
No.  4,  Cammell  plates  vvere  employed.  The  lower 
portions  of  the  two  targets  had  wrought-iron  front 
plates  8  inches  thick,  No.  3  having  a  layer  of  teak  next 
and  then  chilled  cast  iron  14  inches  thick,  and  No.  4 
having  a  similar  thickness  of  chilled  iron  next  to  the 
front  plates,  the  teak  being  all  behind.  The  bolts  of 
all  the  targets  pass  through  the  entire  structure  except 
in  the  case  of  the  Schneider  steel  plates,  into  which 
the  bolts  were  screwed  to  a  depth  of  not  quite  half  the 
thickness  of  the  plate.  The  total  thickness  of  wood  in 
each  target  was  the  same,  namely  29  inches  ;  and  the 
iron,  exclusive  of  skin,  was  22  inches,  the  skin  being 

*  The  engravings  of  the  first  series  are  omitted  as  being  un¬ 
necessary. 
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inch.  Tlie  sections  are  given  on  the  plan  of  the 
Italian  government  sketch. 

“  The  object  of  the  programme  was  as  follows :  The 
effect  of  the  lighter  gims  to  be  first  ascertained ; — a 
single  round  from  the  10-inch  gun  being  first  fired  at 
each,  and  then  a  salvo  of  the  10-inch  and  11-inch  guns. 
The  whole  three  guns  were  intended  to  be  fired  simul¬ 
taneously,  but  one  10-inch  missing  the  first  round,  two 
only  were  fired  in  the  subsequent  salvos.  One  steel 
Schneider  half-target  waste  be  reserved  untouched  for 
the  100-ton  gun;  and  the  remainder  were  to  be  brought 
under  its  fire  after  the  lighter  guns  had  done  their  worst 
on  them.  It  was  considered  that  the  targets  ought  to 
be  more  than  a  match  for  10~inch  and  11-inch  guns, 
and  consequently  that,  after  being  struck,  a  fairly  strong 
target  of  each  kind  would  thus  remain  to  be  fired  at 
by  the  100-ton  gun.  The  firing  was  as  follows ; — 

“  No.  1  round :  10-inch  shot  against  No.  2  upper  half, 
Schneider  steel  22-inch  plate.  Shot  penetrated  about 
10  inches  near  the  centre  of  the  plate — vide  target 
No.  2,  No.  2  series  of  sections — the  plate  at  the  edges  of 
the  hole  being  burred  up  about  4*4  inches.  At  first  the 
plate  appeared  to  be  but  little  damaged,  but  a  singing 
noise  was  heard  in  the  metal,  which  shortly  after  split 
in  two  cracks,  one  running  from  the  hole  to  the  proper 
riofht  ede:e  of  the  taro-et,  and  the  other  in  a  downward 
direction,  extending  some  distance,  but  not  to  the  plate 
edge. 

“  No.  2  round :  10-inch  gun  against  upper  half  of  No.  1 
target,  Cammell  wrought-iron  22-inch  plate ;  pene¬ 
tration  about  10’8  inches  in  depth.  Two  cracks  were 
developed,  extending  from  one  of  the  left  bolt-holes 
to  the  edge  of  the  target. 

“  No  3.  round :  10-inch  gun  at  lower  half  of  No.  2 
target,  Marrel  22-inch,  front  plate.  Penetration  about 
equal  to  that  in  Cammell  plate;  crack  opened  from 
lower  left  bolt-hole. 

“No.  4  fire:  Salvo  from  11-inch  and  both  10-inch 
guns  at  Schneider  upper  target  No.  2.  One  10-inch 
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pun  missed  fire,  so  that  one  11-inch  and  one  10-inch 
shot  were  actually  fired  at  the  plates.  Both  struck 
from  2  feet  to  3  feet  of  right  of  target — vide  third 
series  of  sections.  A  large  piece  of  the  plate  was  dis¬ 
lodged  from  the  right-hand  top  corner.  The  cracks 
already  made  were  opened  much  wider,  and  fresh 
cracks  were  visible,  especially  in  the  shot-hole.  The 
entire  plate,  in  fact,  had  suffered  very  severely,  and  was 
far  on  the  way  to  destruction.  The  100-ton  gun  was 
then  fired  two  rounds,  Nos.  9  and  10  on  table,  which 
we  keep  distinct  from  the  plate-firing, 

“  On  October  26. — No.  5  fire  at  plates — a  salvo  of  one 

10- inch  and  one  11-inch  shot  was  fired  at  CammelTs 
22-inch  iron  plate — target  on  third  series — the  plate 
was  struck  rather  near  to  the  edge.  The  11-inch  shot 
lodged  and  broke  up  ;  the  10-inch  drove  one  bolt  some 
distance  inward.  The  top  layer  of  that  was  lifted 
above  the  target  edge.  The  entire  plate  was  driven 
back  1  inch,  and  a  crack  was  made  from  a  bolt-hole  to 
the  edge  of  the  plate. 

“No.  6  fire  at  plates  :  Salvo  of  one  10-inch  and  one 

11- inch  shot  at  Marrel  iron  22-inch  plate.  No.  1  target, 
lower  portion,  third  series.  A  huge  mass  of  iron  was 
dislodged,  and  a  crack  was  formed  from  bolt-hole 
towards  top  edge  of  plate  ;  penetration  not  quite  so 
much  as  in  Cammell’s  plate.  The  iron  of  the  plate 
was  heard  to  sing.  The  general  quality  of  it  appeared 
more  steely  than  that  of  CammeU’s  plate.  The 
lOO-ton  was  now  fired  at  an  earth-butt  52  feet  thick 
and  27  feet  high,  with  results  given  in  table.  No,  11 
round. 

“No.  7  fire  at  plates  :  The  lOO-ton  gun  was  next  fired 
with  340-pound  charge  at  the  Schneider  steel  plate, 
which  had  hitherto  been  left  untouched.  The  effects 
are  shown  generally  in  lower  portion  of  No.  2  target, 
fourth  series.  The  plate  was  smashed  to  pieces,  but 
tlie  shot  had  broken  up,  and  had  not  penetrated 
through  the  backing.  The  whole  target  had  been 
driven  8  inches  back,  the  inner  skin  was  bulged  and 
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opened,  and  the  angle-iron  torn  and  twisted.  For  units 
of  work  and  pressure,  &c.,  see  table,  No.  12. 

“  On  the  27th — No.  8  fire  at  plates  ;  The  100-ton  gnn 
was  fired  at  the  Cainmell  iron  plate,  with  results 
indicated  generally  in  the  upper  half  No.  1  section  of 
No.  4  series.  For  charges,  see  No.  13  in  table.  Half  the 
plate  was  struck  away,  leaving  the  wood  bare.  A  part 
of  the  shot  passed  completely  through  the  target, 
having  a  velocity  measured  at  600  feet  on  the  far  side. 
A  hole  was  made  nearly  4  feet  in  diameter,  showing 
debris  of  broken  iron  and  wood  in  interior.  The  follow¬ 
ing  round  was  fired  at  the  steel  target,  but  the  shot 
broke  up  in  the  bore  of  the  gun. 

“  No.  9  effective  fire  at  plates :  The  100-ton  gun  was 
next  fired  at  Marrel’s  target,  on  the  lower  half  of  the 
same  structure  as  Cammell’s  (see  No.,1,  series  4.)  The 
whole  knocked  into  ruins.  The  shot  passed  completely 
through,  leaving  a  large  hole  in  the  centre,  as  in  the 
case  of  Cammell’s,  showing  the  same  heap  of  debris. 
For  charge,  velocity,  &c.,  see  No.  15  on  table.  No,  2 
engraving  shows  the  state  of  the  targets  at  this  stage  of 
the  proceedings. 

“No.  10  effective  fire  at  plates  was  from  the  100-ton 
gun  at  the  upper  half  of  Schneider’s  steel  target.  For 
effects  see  No.  2  in  No.  4  series.  Although  this  plate 
had  suffered  severely  from  the  fire  of  the  smaller  guns, 
complete  penetration  was  not  obtained.  The  plate 
was  shivered  into  fragments.  The  head  of  the  projec¬ 
tile  remained  buried  in  the  backing.  A  considerable 
part  of  the  body  of  the  shot  had  been  projected  out¬ 
ward  and  bent  forward,  without  entirely  separating  from 
the  head  (vide  figure)  a  most  unusual  circumstance 
with  chilled  shot. 

“  On  October  28 — ^effective  fire  No.  11  at  plate  :  10- 
inch  gun  at  Cammell’s  sandwich  target.  Effects,  see  No. 
4  and  No.  2  series^  Shot-head  penetrated  13  inches,  the 
metal  remaining  in  the  hole.  One  bolt  started  in  the 
rear. 

“  No.  12 :  10-inch  gun  at  Marrel’s  sandwich  target. 

N 
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Effects,  see  No.  3  second  series.  Shot  penetrated  10 
inches  only,  but  the  plate  was  split  in  several  directions 
some  pieces  being  nearly  detached.  Cracks  through 
upper  bolt-holes. 

“No.  13  :  Salvo  of  one  10-inch  and  one  11-inch  gun 
at  Marrel’s  sandwich  target.  Effects,  wide  fissures 
opened  in  plate  5  ;  large  pieces  of  plate  and  some  small 
ones  dislodged  altogether,  and  thrown  on  the  ground. 

“No.  14:  Salvo  of  one  10-inch  and  one  11-inch  at 
Cammell’s.  Both  shots  pierced  front  plate,  and  pene¬ 
trated  2’4  inches  into  rear  plate;  right-hand  corner 
of  plate  dislodged ;  backing  moved ;  one  bolt  sheared 
and  broken,  and  one  bolt-head  forced  into  interior. 
(See  section  3  in  No.  4  series.) 

“  No.  15  :  The  100-ton  gun  at  Marrel’s  sandwich  plates 
as  injured  above.  Effects,  the  main  part  of  the  target 
carried  away  and  penetration  obtained.  (See  3  in 
No.  4  series.) 

“  The  remainder  of  the  rounds  detailed  in  the  table 
were  then  fired  from  the  100-ton  gun.” 

In  reviewing  the  plate-firing,  the  principal  features 
to  notice  are  the  following  : — 

Series  Nos.  2  and  3  show  that  steel  is  more  liable  to 
be  destroyed  by  the  fire  of  guns  not  capable  of  pene¬ 
trating  it  than  wrought  iron,*  which  under  these  cir¬ 
cumstances  suffers  but  little. 

Series  No.  4  shows  that  steel,  by  transmitting  the 
blow  of  impact  through  the  plate,  is  less  liable  to  let 
the  shot  through  the  backing,  while  more  liable  to  be 
stripped  off  and  destroyed  itself. 

It  also  appears  obvious  that  the  Duilio’s  power  of 
offence  will  be  greatly  in  excess  of  her  powers  of 
defence. 

Engineering  says  that  in  comparing  the  results  of 
the  thirty-fifth  round  with  those  afforded  by  the  81-ton 
gun,  firing  370  pounds  of  the  same  powder  and  a 
1,700-pound  projectile,  it  will  be  seen  that  there  is  a 

.  *  The  steel  used  was  evidently  not  the  best  adapted  to  the  purpose. 
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preponderance  of  energy  greatly  in  favour  of  the 
100-ton  gun.  The  81-ton  gun  gave  a  velocity  of  1,520 
feet  to  its  1,700-pound  shot,  with  an  energy  of  27,200 
foot-tons,  or  540  foot-tons  per  inch  of  circumference  of 
the  shot.  The  100-ton  gun  gave  a  velocity  of  1.543 
feet  to  a  2,000-pound  shot,  with  an  energy  of  33,000 
foot-tons,  or  623  foot-tons  per  inch  of  circumference. 

These  artillery  experiments  conducted  at  Spezzia  by 
the  Italian  Grove rnment  are  by  far  the  most  important 
ever  undertaken.  Not  only  has  the  greatest  gun  ever 
made  been  tested  for  velocity  and  penetration,  but 
armour-plates  of  difierent  kinds  and  of  almost  un¬ 
paralleled  magnitude  have  been  tried  for  resistance  and 
durability.  The  interest  felt  in  the  experiments  by  all 
naval  authorities  is  not  due  alone  to  the  performance 
of  a  single  gun,  but  to  the  undisputed  fact  that  the 
Spezzia  trials  must  exercise  a  powerful  influence  on  the 
warfare  of  the  future.  Guns,  ships,  and  armour  will 
all  undergo  modifications. 

The  Duilio  is  to  be  armed  with  a  heavy  projecting 
ram,  and  she  is  also  to  be  provided  with  apparatus  for 
discharging  the  Whitehead  fish-torpedoes.  Besides 
these  powerful  means  of  offence,  there  is  to  be  a  novel 
and  original  arrangement  for  carrying  a  rapid  torpedo- 
boat  ;  this  boat  is  to  be  enclosed  at  the  stern  in  a 
tunnel  closed  by  a  grated  door,  from  which  it  will  be 
launched  when  necessary,  and  started  on  its  course 
against  an  enemy’s  vessel. 

The  ship  is  to  be  driven  by  twin-screws.  The  pro¬ 
pelling  machinery  is  furnished  by  Messrs.  John  Penn 
&  Sons,  and  consists  of  their  old  type,  a  pair  of  trunk- 
engines  to  each  screw.  The  steam  will  be  supplied  by 
ordinary  box-boilers.  The  two  sets  of  engines  are  de¬ 
signed  to  develop  the  aggregate  power  of  7,500  horses, 
and  the  estimated  speed  of  the  vessel  on  the  measured 
mile  is  14  knots  per  hour.  The  heavy  forgings  for 
the  ship  were  made  in  Italy.  The  frames,  beams, 
and  plates  for  the  hull,  in  fact  all  the  iron  and  steel 
entering  into  the  construction  of  the  vessel,  were 
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made  in  France.  All  the  arraonr-plates  were  ordered 
from  Messrs.  C.  Oammell  &  Co.,  of  Sheffield,  and  tlie 
guns  and  machinery  for  working  them  were  also 
to  be  of  English  manufacture,  thus  leaving  only 
the  construction  and  labour  in  connection  with  it  to  be 
performed  by  the  Italian  engineers.  The  Builio  will 
be  armed  with  four  of  the  heaviest  and  most  powerful 
guns  ever  mounted  in  any  ship,  and  if  completed  and 
successful  in  all  respects,  she  will  be  the  most  formid¬ 
able  fighting-machine,  both  for  offence  and  defence, 
ever  set  afloat  in  the  waters  of  continental  Europe. 
When  launched,  the  draught  of  water  was  found  to  be 
just  what  the  designer  estimated  it  would  be,  and  it 
remains  to  be  seen  whether  the  prediction  of  the 
eminent  ex-Chief  Constrnctor  of  the  British  hlavy  will 
be  fulfilled,  viz.,  that  she  will  capsize  in  the  first 
engagement,  if  seriously  injured  by  shot  in  the  unpro¬ 
tected  parts.* 

The  Bandolo,  sister  ship  to  the  Builio  is  under  con¬ 
struction  at  Spezzia,  but  is  very  far  from  being  in  the 
same  advanced  condition,  and  will  probably  not  be 
completed  for  several  years,  as  the  financial  resources 
of  the  Italian  Admiralty  will  doubtless  be  taxed  to 
the  utmost  during  the  next  two  years  to  complete  the 
first  of  these  great  ships.  The  Bandolo  is  to  be,  in  all 
essential  features  of  construction,  the  same  as  her  sister 
ship,  but  an  important  distinction  is  to  be  made  in  the 
propelling  machinery.  This  has  been  designed  and  com¬ 
pleted  by  Messrs.  Maudslay,  Sons  &  Field,  of  London, 
and  consists  of  a  pair  of  their  inverted  vertical  com¬ 
pound  engines  to  each  of  the  two  screw-propellers. 
The  engines  ai-e  to  be  supplied  with  steam  from  eight 
boilers  fired  from  both  ends,  having  in  all  thirty-two 
furnaces,  four  of  the  boilers  being  placed  before  and 
four  abaft  the  engines.  The  pressure  of  steam  is  to  be 
sixty  pounds  per  square  inch,  and  the  maximum 
indicated  horse-power  the  same  as  in  the  Builio. 

*  For  the  drawings  of  the  Dandiolo,  Tegethoff,  Shannon,  and  Nelson, 
I  am  indebted  to  Monsieur  P.  Dislere,  of  the  Naval  Department,  Paris. 
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The  Cristoforo  Colombo  is  a  vessel  of  the  rapid  type, 
building  at  Venice.  She  is  a  wooden  corvette,  but  has 
iron  beams  and  iron  knees.  The  exact  data  respecting 
her  are  not  obtainable,  but  they  are  nearly  as  follows ; — 

Feet. 


Length . 270 

Breadth  .  36 

Draught  of  water  aft  .  17 

Draught  of  water  forward .  13 


The  hull  is  composed  of  Italian  seasoned  oak,  put 
together  in  the  strongest  and  very  best  manner.  Tlie 
air-ports  are  much  larger  than  are  to  be  found  in  any 
of  tlie  United  States  vessels ;  the  quarters  are  exceed¬ 
ingly  comfortable,  and  the  interior  well  arranged  in  all 
respects.  Tbe  battery  consists  of  two  rifled  guns  on 
each  broadside  and  one  bow-chaser.  The  propelling 
machinery  was  constructed  by  Messrs.  Penn  &  Son,  and 
consists  of  one  set  of  their  patent  inverted  vertical 
three-cylinder  engines,  applied  to  a  single  screw,  and 
so  arranged  as  to  be  worked  either  on  the  compound  or 
on  the  non-compound  system,  as  desired.  Tney  were 
designed  to  develop  a  maximum  indicated  horse-power 
of  4,000,  and  the  maximum  speed  of  the  vessel  on  the 
measui’t-d  mile  was  estimated  at  17  knots.  But  neither 
the  constructors  of  tlie  machinery  nor  the  naval  archi¬ 
tects  who  Itave  been  conferred  with,  believe  that  the 
hull  has  sufficient  strength  to  sustain  for  any  lengthened 
period  the  power  necessaiy  to  produce  17  knots  per 
liour. 

The  naval  dock-yards  of  the  kingdom  of  Italy  are 
at  Venice,  on  the  Adriatic ;  Castellamare,  on  the  Bay 
of  Naples;  and  Spezzia,  between  Leghorn  and  Genoa, 
on  the  Mediterranean. 

The  dock-yard  at  Venice  was  in  ancient  times,  as  at 
present,  known  as  the  arsenal.  There  is  no  spot  in  Venice 
more  intimately  connected  with  her  ancient  grandeur. 
It  was  considered  to  be  one  of  the  most  important 
elements  of  the  power  of  the  republic.  Here  were 
constructed  the  galleys  so  celebrated  for  their  strength 
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and  lightness.  Not  only  were  all  the  stores  required 
in  war  preserved  here,  but  everything  warlike  was 
manufactured  within  its  walls.  Before  the  principal 
gate,  as  if  to  guard  it,  stand  four  marble  lions,  spoils 
taken  from  conquered  nations.  The  ancient  walls  still 
remain  and  also  many  of  the  former  buildings ;  but 
they  have  been  internally  reconstructed,  to  suit  the 
many  varied  and  wonderful  changes  in  naval  architec¬ 
ture  since  the  days  of  the  Doges.  The  estimated  area 
within  the  walls  is  about  one  hundred  acres.  The 
basin  area  is  very  considerable,  and  one  superior  dry- 
dock  is  completed,  and  a  second  under  construction. 
The  appliances  and  machinery  are  as  yet  rather 
primitive.  The  few  tools  and  machinery  of  value  in  the 
buildings  of  the  engineering  department  ai-e  of  English 
manufacture.  In  fact,  none  of  the  buildings  contain 
any  appliances  worth  noting. 

Castellamare  is  an  old  ordinary  ship-building  yard, 
furnished  with  improvised  sheds,  containing  the 
necessary  machinery,  tools,  and  appliances  for  iron 
ship-building,  all  of  wliich  were  purchased  for  use  in 
the  construction  of  the  Builio. 

The  dock-yard  at  Spezzia,  on  the  bay  of  that  name, 
is,  in  common  with  other  Italian  naval-yards,  known  as 
the  arsenal.  It  has  been  laid  out  on  a  scale  of  great 
magnitude,  and  is  intended  to  be  the  principal  naval 
port.  Already  over  £2,000,000  have  been  expended 
on  the  works,  and  it  may  now  be  ranked  among  the 
most  important  of  the  maritime  establishments  of 
Europe.  It  is  intended  that  there  should  be  nine 
building-slips  and  ten  dry-docks ;  but  only  two  of  the 
slips  and  four  of  the  docks  have  been  completed.  The 
large  basin  for  construction  and  repairs  was  designed 
to  be  443  feet  long  and  80  feet  wide  at  the  top,  and 
56  feet  8  inches  at  the  invert.  This  basin  has  only 
been  completed  for  half  its  length.  The  adjoining 
fitting-out  basin  is  360  feet  9  indies  long  and  72  feet 
9  inches  wide.  In  addition  to  this  completed  basin 
there  are  two  smaller  ones.  The  basins  and  docks 
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are  emptied  by  means  of  turbines  driven  by  two 
150-horse-power  engines.  A  small  pump  is  also  kept 
constantly  at  work  to  remove  infiltrating  water.  The 
buildings  completed  are  of  one  storey,  except  the 
one  containing  the  offices  and  mould-lofts.  These 
buildings  are  as  follows :  machine,  boiler,  and  smith 
shops,  foundry,  forges,  steam-hammer-buildings,  tem¬ 
porary  iron  ship-building  shop  and  framing-shop,  gun- 
carriage  shops,  artillery-shops,  store-houses,  sail -stores, 
torpedo-stores,  and  special  stores.  The  machinery  and 
tools  and  system  of  cranes  and  appliances  are  as  yet 
incomplete. 

A  table  containing  the  principal  dimensions  of  the 
Italian  armoured  fleet  now  afloat  and  in  process  of 
building  is  given  in  the  Appendix,  on  page  332. 


CHAPTER  XV. 

THE  RUSSIAN  NAVY. 

The  Russian  navy  is  composed  of  29  armoured  ships 
and  196  other  vessels  of  all  classes,  which  carry  in  all 
521  guns.  Of  the  29  armoured  ships,  27  were  last 
summer  in  the  Baltic  and  2  in  the  Black  Sea. 

The  personnel  of  the  navy  consists  of  81  flag-officers 
of  all  ranks,  1,224  other  officers,  513  mates,  210  artil¬ 
lery  officers,  145  engineer  officers,  545  mechanicians, 
56  constructors,  and  260  medical  officers.  There  are 
297  officers  and  480  civil  officials  employed  at  the 
Admiralty  Dock-yards,  &c.,  and  the  total  number  of 
men  enlisted  is  24,500. 

The  naval  armament  of  Russia  has,  for  some  few 
years  past,  been  undergoing  the  changes  necessary  to 
enable  it  to  keep  pace  with  the  progress  of  the  times. 
Cast-iron  smooth-bore  guns  are  gradually  being  replaced 
by  steel  breech-loading  rifles.  The  first  of  these  were 
supplied  by  Krupp ;  but  they  are  now  manufactured  in 
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Russia,  some  at  Perm,  and  others  at  Obouhoff,  about 
nine  miles  from  St.  Petersburg,  on  the  left  bank  of 
the  Neva.  The  Broadwell  system  of  breech-loading 
mechanism  is  employed,  and  the  calibres  of  the  guns 
are  6,  8,  9,  and  11  inches.  One  gun  of  12-inch  calibre 
was  manufactured  for  the  Vienna  Exhibition,  but  it  is 
not  known  that  any  others  of  this  size  have  been  made. 
The  broadside  ships  have  not  hitherto  been  armed  with 
guns  larger  than  8  inches,  with  9  inches  for  stern  or 
chase  guns ;  but  it  is  intended  to  substitute  11-inch 
guns  for  them. 

Except  for  coast-defence,  the  Russian  fleet  is  rather 
numerous  than  powerful.  The  Peter  the  Great  and  the 
Minin  are  the  only  two  vessels  on  the  list  of  sea-going 
armoured  ships  which  approach  the  modern  standard 
of  fighting  efficiency.  The  first  named  was  designed 
after  the  British  ship  Pevastation,  and  commenced 
before  the  sea  trials  of  that  vessel ;  subsequently  modi¬ 
fications  were  made,  and,  as  completed  in  1875,  she 
somewhat  resembles  the  Dreadnought.  As  may  be  seen 
by  consulting  the  list  of  armoured  ships,  the  dimensions 
are  nearly  the  same  as  those  of  the  Devastation,  and  the 
displacement  316  tons  greater.  The  indicated  horse¬ 
power  and  speed  are  represented  to  be  equal,  and  the 
armour  and  battery  superior  to  those  of  the  Devastation. 
The  armour  is  14  inches  in  thickness,  with  iron  hollow 
stringers  in  the  backing,  which  are  alleged  to  give 
an  additional  resistance  equivalent  to  2  inches  of  iron. 
The  four  guns,  two  in  each  of  the  turrets,  are  of  12-inch 
calibre,  and  the  weight  of  each  40  tons.  In  respect, 
therefore,  of  speed,  armour,  and  guns  she  is  a  match  for 
any  ship  now  in  commission  belonging  to  other  nations. 
But  she  is  not  fitted  with  a  spur  to  utilise  the  power  of 
the  ram. 

The  Minin  was  constructed  as  a  rigged  turret-ship 
on  the  Coles  system,  with  a  length  of  298  feet  3  inches 
and  breadth  of  49  feet  1  inch,  and  a  displacement  of 
5,650  tons.  The  armam,ent  consisted  of  4  guns  of  28 
tons  eacli,  and  armour  of  12-inch  plates  on  24-iucli 


THE  EUSSIAN  NAVY. 


185 


baoking,  and  the  free-board  was  very  low.  In  conse¬ 
quence  of  the  catastrophe  to  the  British  vessel  Captain, 
alterations  to  the  Minin  were  decided  upon.  As  altered 
she  will  have  a  central  battery  98  feet  long,  rising  10 
feet  above  the  water-line.  The  guns  will  be  mounted 
in  pairs  on  two  turntables,  on  the  main  deck,  and  will 
fire  en  barbette  over  the  top  of  the  battery.  In  this 
form  she  is  expected  to  be  a  powerful  ship. 

The  next  ships  of  the  sea-going  fleet  to  be  noticed 
are  the  broadside  belted  vessels  DuJce  of  Edinburgh, 
originally  called  the  Alexaoider  Nevsky,  and  the  General 
Admiral.  These  ships  are  of  recent  construction  and 
were  designed  to  compete  with  the  fast  British  unar¬ 
moured  ships  Raleigh  and  Boadieea.  They  are  built  of 
iron,  sheathed  with  wood,  and  coppered.  The  length 
between  perpendiculars  is  285  feet  9  inches ;  breadth 
48  feet  2  inches  ;  mean  draught  21  feet ;  and  displace¬ 
ment  4,438  tons.  In  weight  and  dimensions  they  come 
therefore  between  the  two  British  ships  just  named. 
These  vessels  embody  the  original  conception  of  an 
armour-belt  at  the  water-line  to  protect  the  vital  parts ; 
the  ai’mour-belt  being  6  inches  thick  and  7  feet  wide. 
The  battery-deck  is  similar  to  that  of  the  British  Invin¬ 
cible  class ;  open-topped,  and  arranged  so  as  to  give 
both  broadside  and  right-ahead  and  astern  fire  from 
corner  ports.  It  contains  four  8-inch  rifled  guns  and  two 
6-inch  chase-guns.  An  article  in  the  Revue  Maritime 
et  Coloniale,  from  which  extracts  have  been  taken, 
represents  the  lines  of  these  vessels  to  be  fine,  the 
engine-power  large,  and  the  speed  13  knots  per  hour. 
They  are  not  provided  with  spurs  to  be  used  as  rams, 
and  have  neither  the  speed  nor  the  power  of  battery 
possessed  by  the  British  ships  referred  to. 

Next  in  the  sea-going  fleet  are  the  four  ships  named 
after  admirals,  viz.,  the  Admiral  Lazaref  and  Admiral 
Greig,  each  carrying  three  guns  in  six  turrets ;  and  the 
Admiral  Tchitchachoff  and  Admiral  Spiridoff,  each  car¬ 
rying  four  guns  in  two  turrets.  These  vessels  are  of  the 
Coles  type  of  turret-ships,  and  differ  from  each  other 


186 


THE  WAK-SHIP8  OP  EUROPE. 


but  little,  except'  in  the  number  of  turrets.  The 
two  first -named  have  a  free-board  of  4  feet,  and  the 
other  two  of  5  feet.  The  displacement  is  about  3,500 
tons,  and  the  speed  from  9  to  10  knots.  The  thickness 
of  armour  on  the  hulls  and  turrets  is  6  inches,  and  the 
calibre  of  the  guns  only  9  inches.  The  sea-going  quali¬ 
ties  of  these  four  ships,  unless  it  be  near  home,  may 
be  doubtful ;  for  coast-defence,  however,  they  are  im¬ 
portant  additions  to  the  Eussian  navy. 

Last  among  the  sea-going  fleet  to  be  noticed  are  two 
wooden  armoured  frigates,  the  Sevastopol  and  Peiro- 
paulovshi,  built  in  1863,  and  protected  with  plates  4^ 
inches  thick.  They  have  large  crews,  numbering  609 
and  682  men  respectively.  They  displace  6,000  tons, 
have  steamed  11  knots,  and  carry  batteries  of  ten  and 
twenty  8-inch  breech-loading  guns,  and  of  eight  and 
four  80-pounders  respectively.  These  ships  may  be 
regarded  as  obsolete. 

For  coast-defence  Eussia  has  a  considerable  fleet. 
The  two  circular  vessels  hereafter  to  be  described  are 
the  most  formidable  of  the  number. 

The  next  in  power  are  ten  monitors  of  early  date  on 
Ericsson’s  plans,  similar  to  the  United  States  harbour 
and  river  monitors.  They  draw  12  feet  of  water,  and 
the  sides  are  armoured  with  5-inch  plates  on  a  backing 
of  nearly  3  feet  in  thickness.  The  single  turret  of  each 
vessel  is  built  up  of  eleven  1-inch  plates  without  back¬ 
ing.  The  two  guns  in  it  are  9-inch  rifled,  or  15-inch 
smooth-bores  of  old  pattern. 

The  Smerteh,  a  double-turret  vessel,  built  in  England 
in  1864,  is  armoured  both  on  the  sides  and  turrets  with 
plates,  only  4^  inches  thick,  and  carries  only  two  8-inch 
guns.  There  are,  however,  two  other  monitors  of  later 
date,  the  Tcharodeiha  and  BousalJca,  and  somewhat 
greater  power,  that  were  built  in  Eussia  in  1868.  Their 
side-armour  is  5  inches  thick,  and  that  on  the  turrets 
6  inches.  They  carry  four  9-inch  rifled  guns  in  two 
turrets. 

The  speed  of  all  of  these  monitors  is  given  at  from  6 
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to  8^  knots,  and  they  are  not  provided  with  spurs 
for  ramming.  They  mnst  therefore  be  considered  as 
weak  vessels,  fit  only  for  operations  in  shallow 
water. 

During  the  autumn  of  1875,  Mr.  E.  J.  Eeed,  C.B., 
M.P.,  ex-Chief  Constructor  of  the  British  Navy,  made 
a  visit  to  Russia  for  the  purpose,  as  stated  by  him,  of 
inspecting  two  circular  armoured  vessels,  one  of  them 
completed  and  in  commission,  and  the  other  under  con¬ 
struction.  While  in  Russia,  he  wrote  several  letters  to 
the  Times  on  the  subject  of  these  vessels,  in  which  he 
eulogised  them  and  attached  so  much  importance  to 
the  advantage  of  the  circular  form  over  that  of  existing 
types  of  armoured  ships,  that  nearly  all  the  newspapers 
of  London  and  some  scientific  papers  also  published 
articles  discussing  their  merits.  Subsequently  Mr. 
Goulaeff,  a  Russian  officer,  read  a  paper  before  the 
Institution  of  Naval  Architects  on  the  many  advan¬ 
tages  possessed  by  vessels  constructed  upon  the  circular 
principle.  Finally,  Mr.  Reed  was  invited  to  deliver  a 
lecture  at  the  United  Service  Institution  in  London, 
which  he  did  on  the  4th  of  November,  1876,  upon 
“  Circular  Iron-clads.” 

The  drawings  given  at  page  188  will  give  a  good  idea 
of  the  outward  form  and  design  of  these  much  talked-of 
Russian  vessels.  The  noteworthy  points  in  Mr.  Reed’s 
lecture  are  that — 

“In  the  first  place,  they  are  circular  only  in  one 
sense,  i.e.,  their  horizontal  sections  only  are  circular,  or, 
in  other  words,  they  have  circular  water-lines.  The  de¬ 
parture  from  a  circle  is  a  small  extension  or  protuber¬ 
ance  at  the  stern  for  the  purpose  of  facilitating  the 
arrangement  and  working  of  the  rudder  and  steering 
apparatus.  It  follows  as  a  consequence  from  the  cir¬ 
cular  form  of  water-line,  that  all  the  radial  sections 
are  alike ;  .  .  .  the  bottom  of  the  vessel  is  an 

extended,  plane  surface,  which  is  connected  with  the 
edge  of  the  deck  by  a  quadrant  of  a  small  circle. 
With  this  form  of  section  great  displacement  is  ob- 
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tained  on  moderate  draught  of  water.  The  deck  of  the 
circular  ship  is  formed  in  section  with  such  curvature 
as  to  give  in  a  ship  of  100  feet  diameter  a  round-up 
of  about  4  feet.  There  are  two  popoffkas  already  built, 
named  respectively  the  Novgorod,  Fig.  1,  and  the 
Admiral  Popoff,  Fig.  2,  of  which  the  following  are  the 
dimensions  and  other  particulars  : — 


Extreme  diameter  . 

Diameter  of  flat  bottom . 

Depth  of  hold  in  centre,  from  under  side  of 
beam  to  top  of  the  frames  of  the  double 

bottom  . . . 

Draught  of  water  forward  . 

Draught  of  water  aft  . 

Draught  of  water,  mean . 

Height  of  barbette  tower  from  load  water-line 

Diameter  of  barbette  tower,  outside . . . 

Height  of  upper  deck  at  side,  from  load 

water-line  amidships  . 

Displacement,  in  tons . 

Area  of  midship  section,  in  square  feet  . 

Engines,  nominal  horse-power  . . 

Coal  supply,  in  tons . 

Propellers,  sciew,  in  number . 

Complement  of  officers  and  men  . . 

Armament,  breech-loading  guns; 

Two  in  number,  each  weighing,  in  tons 
Smaller  guns  in  unarmoured  breastwork 

Height  of  armour  on  side  above  water  . . 

Depth  of  armour  below  load  water-line  amid¬ 
ships  . . 

Thickness  of  armour  on  sides  (including 
equivalent  thickness  for  the  hollow  iron 

girders  behind  armour)  . . . 

Thickness  of  armour  on  lower  strake  . . 

Thickness  of  armour  on  barbette  tower  . . 

Thickness  of  deck  plating . 


Novgorod. 

Admiral 

Popoff. 

Ft.  In. 

Ft.  In. 

101  0 

121  0 

76  0 

96  0 

13  9 

14  0 

13  2 

12  0 

13  2 

14  0 

13  2 

13  0 

12  0 

13  3 

30  0 

34  0 

1  6 

1  6 

2,490 

3,550 

1,170 

1,416 

480 

640 

200 

250 

6 

6 

110 

120 

28 

40 

•  •  • 

4 

Ft.  In. 

Ft.  In. 

1  6 

1  6 

4  6 

4  6 

0  11 

1  6 

0  9 

1  4 

0  11 

1  6 

0  2f 

0  2f 

Tit  is  but  fair  to  the  distinguished  designer  of  these 
vessels,  carefully  to  hear  in  mind  that,  in  so  far  as  the 
Novgorod  and  Admiral  Popoff  are  concerned,  they  have 
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been  designed  and  built  i^urely  for  service  in  shallow 
waters  and  near  the  land.” 

“The  Novgorod  and  Admiral  Popq^  have  extensive 
unarmoured  houses  erected  above  the  armoured  decks. 
The  chief  of  these  is  a  spacious  forecastle,  which,  of 
course,  adds  greatly  to  the  buoyancy  forward  when  the 
sea  rises  there  upon  the  vessel.  I  do  hot  think  even 
circular  vessels,  of  very  low  free-board,  could  be 
steamed  against  a  heavy  head  sea  without  such  a 
forecastle,  more  especially  when  driven  at  high 
speed.” 

“  The  chief  characteristic  of  these  circular  iron-clads 
is  that  they  are  purely  and  simply  sea-citadels  pro¬ 
pelled  by  steam,  and  without  any  attempt  to  make 
them  conform  to  the  shape  of  an  ordinary  ship.  The 
question  to  be  determined  hereafter  is,  is  this  form  of 
vessel  thus  originated  for  coast-defence  purposes,  and 
proved  eminently  successfully  for  that  purpose,  avail¬ 
able  under  proper  modifications  for  sea-going  citadels  ? 

“  I  think  we  may  fairly  say  that,  for  a  sea-going 
citadel,  viewed  as  a  citadel  only,  apart  from  other 
features,  the  circular  form  is  best,  because  it  requires  a 
minimum  amount  of  armour  to  protect  a  given  area  or 
volume,  or,  in  other  words,  a  given  amount  of  armour 
secures  the  greatest  amount  of  buoyancy.  For  special 
purposes  some  modified  form  might  be  preferable ;  but 
speaking  generally,  the  circular  form  is  the  best  for 
floating  armour  to  protect  an  included  space,  and  also 
for  giving  that  equal  all-round  cannonade  with  guns 
which  is  so  desirable  at  sea.  Starting,  then,  with  this 
circular  armoured  citadel,  and  wishing  to  propel  it  at  a 
given  speed  at  sea,  there  are  several  ways  in  which  we 
can  deal  with  it : — 

“First.  We  can  put  engine-power  in  it  just  as  it 
stands,  without  modification  ;  or, 

“Second.  We  can  build  ends  to  it  like  those  of  an 
ordinary  ship,  protecting  those  ends  by  a  belt  of 
armour,  as  in  many  other  ships  ;  or, 

“  Third.  We  can  build  such  ends  to  it  and  protect  the 
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lower  parts  of  them  by  an  under- water  deck  of  armour, 
as  in  the  Inflexible ;  or, 

“  Fourth.  We  can  build  around  it  an  outer  circle  of 
thin  iron,  with  a  mere  narrow  belt  of  armour  analogous 
to  the  belt  of  ordinary  iron-clads ;  or, 

“  Fifth.  We  can  build  around  it  such  an  outer  circle 
of  tliin  iron,  with  an  under-water  deck  of  armour 
analogous  to  that  of  the  Inflexible  ;  or, 

“Sixth.  We  can  build  short  ends  to  it  with  either 
above  or  under-water  armoured  decks,  but  of  greatly 
reduced  length  as  compared  with  the  ends  of  ordinary 
ships  of  large  beam. 

“  The  Novgorod  is  the  only  actual  example  of  the  first 
of  these  cases  that  has  yet  been  tried,  and  we  may 
state  roughly  that  in  her,  750  tons  of  armour  and  56 
tons  of  gilns  are  carried  on  a  displacement  of  2,500 
tons,  and  driven  at  8^  knots,  with  2,270  indicated 
horse-power.  This  confirms  what  we  already  know, 
viz.,  that  such  ships  will  require  great  power  in  pro¬ 
portion  to  displacement.  But  taking,  not  the  false 
standard  of  displacement,  but  the  better  (although  not 
perfect)  standard  of  weight  of  armour  and  guns  as  our 
guide,  we  shall  find  nothing  very  extraordinary  in  the 
power  required.” 

Such  are  the  chief  points  in  Mr.  Reed’s  lecture. 
From  an  examination  of  a  completely  equipped  model 
of  these  ships,  and  the  drawings  made  in  London,  it 
a])pears  that,  as  floating  forts  designed  for  shallow  water, 
they  do  possess  some  of  the  merits  claimed  for  them ; 
but  that  even  for  this  purpose,  as  at  present  constructed, 
there  are  serious  objectionable  features,  some  of  the 
most  prominent  of  which  are  the  following  : — 

1st.  As  the  Novgorod  is  built,  there  is  in  the  centre  a 
fixed  turret  with  an  open  top,  or.an  iron  martello  tower, 
having  inside  it  a  revolving  platform,  on  which  the  guns 
are  mounted  en  barbette.  This  is  the  system  employed 
in  the  upper-deck  batteries  of  the  French  armoured 
ships ;  but  in  the  French  ships  the  towers  are  placed 
near  the  sides  of  the  vessels,  and  high  above  water. 
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while  in  the  Russian  vessels  they  are  in  the  centre  and 
on  hulls  which  have  a  free-board  of  only  18  inches. 
The  barbette  principle  affords  very  considerable  lateral 
range,  but  the  disadvantages  are,  as  here  applied,  that 
it  leaves  the  guns  and  men  working  them  fully  exposed 
to  the  fire  of  the  enemy.  On  shore,  artillery  officers 
rarely,  if  ever,  contemplate  mounting  guns  en  harhette 
near  the  level  of  the  water  where  serious  and  close 
fighting  is  expected.  They  seek  for  a  high  and  some¬ 
what  distant  position,  where  the  advantages  of  an  all¬ 
round  lateral  and  plunging  fire  are  available,  and  where 
the  exposure  of  the  men  and  the  guns  is  reduced  to  a 
minimum.  With  a  view  to  remedy  this  serious  dis¬ 
advantage  in  a  degree,  the  turret  of  the  second  vessel 
is  constructed  so  as  to  work  the  guns  on  the  dis¬ 
appearing  principle,  in  which  the  gun  is  loaded  in 
the  low  position  seen  at  Fig.  6,  and  as  previously  de¬ 
scribed  for  the  British  ship  Temeraire.  This  change  is 
only  a  partial  remedy ;  the  disadvantage  of  the  open- 
topped  turret  a  little  above  the  level  of  the  water  still 
remaining. 

2nd.  The  side  armour-plates  do  not  extend  deeper 
below  the  water-line  than  in  ordinary  vessels,  and  as 
the  Admiral  Popoff  is  121  feet  in  diameter,  there  is  this 
large  target  at  all  times  presented  for  under-water 
attack  by  locomotive  torpedoes,  instead  of  the  bow  or 
stern  alone,  as  would  often  happen  in  the  attacks  on 
other  vessels.  The  extra  defence  against  torpedoes 
gained  from  the  cellular  construction  by  means  of  the 
circular  system  would  avail  nothing. 

3rd.  Another  objection  is  the  complication  of  the 
propelling  machinery.  There  are  six  screw-propellers, 
driven  by  three  sets  of  engines.  Two  of  them  have 
diameters  greater  than  the  draught  of  the  vessel,  so 
that  the  blades  reach  below  the  keel.  These  two  screws 
are  three-bladed,  and  are  not  worked  in  shallow  water. 

During  the  American  civil  war,  considerable  ex¬ 
perience  was  obtained  on  the  Mississippi  River,  in 
building  and  working  the  machinery  of  four  large 
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wide  flat-bottomed  gun-vessels  of  the  Milwaukee  class, 
provided  with  four  screw-propellers ;  and  it  is  evident 
from  this  what  the  complication  of  the  machinery  for 
six  must  be.  Moreover,  it  does  not  appear  that  the 
six  screw-propellers  are  protected  from  attacks  of  any 
kind. 

Fourth.  The  fourth  and  most  serious  objection  to  the 
circular  form  of  vessels  consists  in  the  extraordinary 
steam-power  necessary  to  drive  a  vessel,  say  of  121  feet 
diameter,  through  the  water  at  a  speed  equal  to  that 
of  an  ordinary  vessel  of  the  same  carrying  capacity. 
The  weight  and  space  occupied  by  the  machinery  would 
be  so  great  as  to  leave  but  little  room  for  all  the  other 
requirements. 

Mr.  Eeed  says  that  the  Novgorod  made  a  speed  on 
the  measured  mile  of  8^  knots  ;  that  she  has  steamed 
a  considerable  distance  at  knots  ;  and  when  he 
made  a  trip  in  her  the  speed  averaged  6^  knots. 
This  last  is  probably  the  real  speed  when  steaming  in 
ordinary  weather  for  a  period  of  twenty-four  or  more 
hours.  If  the  weights  of  the  steam-machinery  had 
been  given,  and  other  necessary  data,  the  weights,  &c., 
for  higher  speeds  could  be  readily  estimated. 

The  first  objection  raised  to  the  circular  vessel,  viz., 
the  open-top  turret,  could  be  remedied  in  future  con¬ 
structions  by  substituting  the  revolving-turret ;  and  the 
second  objection  could  he  removed  by  extending  the 
vertical  side-armour  down  to  the  keel.  This  would 
entirely  protect  the  vessel  from  the  attacks  of  moving 
torpedoes. 

The  third  objection  may  be  obviated,  but  the  fourth 
is  insurmountable.  Therefore  for  sea-going  vessels, 
although  the  foj’m  may  be  changed  by  adding  ends,  as 
shown  at  Fig.  8,  this  principle  of  construction  will 
not  be  likely  to  find  favour  with  naval  architects,  much 
less  with  naval  officers. 

The  list  of  Russian  war-ships  with  their  principal 
dimensions  is  given  in  the  Appendix,  page  338. 
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CHAPTEE  XVL 

THE  ARMOURED  SHIPS  OP  AUSTRIA. 

The  naval  authorities  of  Austria,  in  common  with 
those  of  other  European  countries,  have  paid  dearly 
for  the  error  of  building  wooden  armoured  ships.  The 
Kaiser  Max,  the  Prinz  Kugen,  and  the  JDon  Juan 
d' Austria  constituted  the  early  iron-clad  fleet  of  Austria. 
The  decay  of  their  wooden  hulls,  their  insufficient 
strength,  and  the  advance  made  in  defensive  as  well  as 
offensive  power  in  modern  fighting-ships,  some  time 
since  rendered  these  vessels  useless.  As  a  matter 
of  economy,  however,  it  was  decided  to  reconstruct 
them,  with  the  view  of  utilising,  as  far  as  practicable, 
their  machinery  and  materials.  They  were  accordingly 
taken  to  pieces,  and  the  replacing  of  the  wooden  hulls 
with  hulls  of  iron  proceeded  with,  advantage  being 
taken  of  the  superior  lightness  of  the  iron  hull  to 
provide  for  a  considerable  increase  of  armour  protection 
in  the  vital  parts.  The  original  engines  and  most  of 
the  fittings  of  the  wooden  ships  are  being  used  in  the 
iron  ones ;  and  this  object  is  being  carried  into  effect, 
it  is  said,  with  economy.  The  constructor  says : 

“  It  is  true  that  the  engines  of  the  three  old  ships 
cannot  give  a  higher  speed  to  the  new  ships  than 
twelve  knots  per  hour,  but  instead  of  building  only  one 
new  ship  we  shall  possess  three  rams.” 

It  remains  to  be  seen,  after  these  ships  have  been  com¬ 
pleted,  what  success  has  attended  the  construction  of 
modern  fighting- vessels  out  of  the  materials  of  obsolete 
vessels,  engined  with  the  old  types  of  machinery. 

The  latest  design  and  the  most  important  fighting- 
ship  the  Austrian  navy  will  have  is  the  armoured  ship 
Tegethoff,  now  under  construction  at  the  works  of  the 
Stabilimento  Technico  at  Trieste. 

The  Tegethoff  will  be  a  broadside  central-battery 
ship,  in  which  the  batteries  project  over  the  sides  of 
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the  vessel,  in  the  manner  first  carried  out  in  the  upper- 
deck  batteries  of  the  British  Audacious  class.  The 
following  figures  give  her  dimensions,  calculated 
elements,  &c. : — 


Length  between  perpendiculars  ... 

286  feet  llj  inches. 

Length,  fotal  . 

3ii3  „ 

li 

Breadth  on  water-line  . 

62  „ 

9  ,, 

Extreme  breadth  to  the  outside  of 
armour . . . 

71  „ 

IJ  „ 

Depth  of  hold . 

34  „ 

9  „ 

Draught  of  water  aft . 

26  „ 

7J  „ 

Draught  of  water  forward . . 

23  „ 

1  inch. 

Displacement  with  half  the  pro¬ 
visions  on  board  . 

7,390  tons. 

Area  of  midship  section  . 

1,301 

square  feet. 

Area  at  the  load  water-line . 

■  14,308 

Height  of  metacentre  above  centre 
of  gravity  of  displacement  . 

14'6'23  feet. 

Height  of  metacentre  above  water 

4'770  „ 

Distance  of  the  centre  of  gravity  of 
displacement  before  the  midship 

section  .  3'356  „ 

Depth  of  the  centre  of  gravity  of 

displacement  below  water .  9  853  „ 

Co-efficient  of  displacement  .  O' 582 

Co-efScient  of  water-line  .  O' 782 

Co-efficient  of  midship  section .  0 ' 82 

Displacement  per  inch  immersion 

at  the  load  water-line  .  34 '47  tons. 

"Weight  of  armour  and  backing  ...  2,160  „ 

The  armament  consists  of  six  ll-inoh  Krupp  guns. 
Area  of  sails  .  12,165  square  feet. 


r 


Cost  of  hull  (estimated) 

Cost  of  engines  and  boilers  estimated 

A'  ominal  horse-power . 

Number  of  cylinders . 

Diameter  of  cylinder,  effective . 

Length  of  stroke  . 

Griffith’s  propeller,  diameter  . 

Pitch  . 

Number  of  blades  . 

Revolutions  per  minute..... . 

Number  of  boilers . 

Area  of  fire-grate  . 

Heating  surface  . . .  25,500 

Super-heating  surface  .  1,800 

Pressure  of  steam  . 

Number  of  furnaces  . 

Mean  indicated  liorse-power . 

Speed  (estimated)  . 


£175,000. 
£83,000. 
1,200. 

2. 

125  inches. 
4  feet  3  inches. 
23  „  6  „ 

24  feet. 

2 

70 

4 

850  square  feet. 


30  pounds, 
36 

8,000 
14  knots. 


THE  TEGETHOFF. 
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Mr.  E.  J.  Reed,  C.B.,  M.P.,  spoke  as  follows  of  this 
ship  at  the  Institution  of  Naval  Architects  in  London, 
in  April  187 6 : — 

“  From  these  figures  it  will  be  seen  that  although  we 
are  not  dealing  with  a  ship  of  the  Inflexible  type,  in 
which  armour  of  excessive  thickness  is  placed  over  a 
central  citadel  of  extremely  limited  extent,  we  never¬ 
theless  have  a  very  powerful  ship  indeed,  with  armour 
of  apparently  about  13  to  14  inches  thick,  and  with  a 
concentrated  battery  of  six  11-inch  Krupp  guns,  each 
weighing,  I  presume,  about  27  tons.  The  ship  has  a 
belt  of  armour  extending  from  the  stern  to  within 
about  30  feet  of  the  foremost  perpendicular,  where  it 
terminates  in  a  transverse  armoured  bulkhead,  and  a 
stout  iron  deck  going  forward  to  the  stem  at  about 
7  feet  below  water.  It  would  appear  from  this  that 
the  Austrian  authorities  consider  that  a  strong  iron 
stem,  supported  by'  a  stout  deck  near  the  point  of  the 
ram,  is  sufficient  for  ramming  purposes,  whereas  in  our 
navy  we  have  thought  it  better,  beginning,  if  I  re¬ 
member  rightly,  V'ith  the  Bupert  and  Hotspur,  to  keep 
the  bow  armour  and  carry  it  down  at  the  stem  to  con¬ 
siderably  below  the  ram  point.  We  take  it  for  granted 
that  the  latter,  or  English,  arrangement  would  at  least 
have  the  advantage  of  protecting  the  ram  bow  from 
much  local  damage  in  ramming  iron  vessels,  and  this 
is  no  doubt  very  desirable  where  a  ship  is  designed 
primarily  as  a  ram,  as  were  the  Rupert  and  Hotspur  ; 
while,  on  the  other  hand,  where  tlie  ram  is  a  sub¬ 
ordinate  feature,  as  in  the  Tegetlioff,  it  may  be  un¬ 
necessary  to  burden  the  bow  with  so  much  armour 
protection. 

‘‘  It  is  worth  w  hile  to  observe  in  this  connection  that 
the  Austrians,  who  have  had  practical  experience  of 
the  effects  of  ramming  in  actual  warfare,  have  in  this, 
their  largest  and  most  powerful  ship,  preserved  a  very 
great  length  of  under-running  or  spear-projection.  .  .  . 
The  projection  is  9  feet  from  the  stern  at  the  load 
water-line  and  19  feet  from  the  stem-head. 

0  2 
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“  I  observe  next  in  this  ship,  the  Austrian  Admiralty 
have  adopted  an  improvement  in  armour  to  which  I 
have  for  a  long  time  past  attached  great  importance. 
I  refer  to  the  getting  rid,  for  the  most  part,  of  great 
curvature.  Of  course  armour-plates,  if  carried  round 
the  ends  of  a  ship,  must  be  bent  to  the  curvature  of 
the  water-lines;  and  when  embedded,  so  to  speak,  in 
the  sides  of  a  ship  of  ordinary  form  and  curvature,  as 
has  been  usual  in  sea-going  ships,  they  must  also  be 
bent  crosswise.  Now,  this  double  curvature  of  the 
plates  is  not  only  an  expensive  process,  but  it  is  also 
injurious  to  the  armour-plates  in  some  degree.” 

•  ••••• 

“  By  so  designing  the  ships  that  the  armour-plates 
have  only  to  be  curved  in  one  direction,  all  these 
disadvantages  and  difficulties  are  practically  got  rid  of. 

“  The  next  feature  to  be  remarked  in  this  ship  is  that 
the  battery  is  of  the  projecting  type,  which  so  greatly 
facilitates  the  obtainment  of  direct  fire  ahead  and 
astern  from  a  midship-battery  without  excessive  reces¬ 
sion  of  the  unarmoured  parts  of  the  ship  before  and 
abaft  the  battery. 

“  The  Admiralty  constructors  and  m)’self  introduced 
this  arrangement  in  many  cases  of  upper-deck  batteries 
in  ships  designed  while  I  was  at  the  Admiralty  (most 
notably  in  the  case  of  the  Audacious  class),  but  I  do 
not  think  the  same  thing  has  been  done  at  the 
Admiralty  in  the  case  of  the  main-deck  battery.  I 
have,  however,  done  it  myself  in  several  ships  for 
foreign  governments  since  I  left  the  Admii’alty,  and  I 
give  examples  in  Fjgs.  1  and  2,  which  represent  out¬ 
line  sections  of  the  Kaiser  and  Deutschland  (German), 
and  the  Almiranie  Cochrane  and  Valparaiso  (Chilian), 
armour-clad  ships. 

“  In  the  Tegethoff,  the  overhang  is  very  low  and  con¬ 
siderable  in  amount,  the  battery  projecting  between 
4  feet  and  5  feet,  the  spread  commencing  at  18  inches 
above  the  water,  and  terminating  at  a  height  of  6  feet. 

“The  armoured  citadel  of  the  Tegethoff  is  to  be 
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furnished  with  a  transverse  armoured  bulkhead  abaft 
the  two  foremost  guns,  an  arrangement  which  will 
prevent  the  batteiy  being  raked  in  chasing.  This  im¬ 
provement  exists  in  the  Alexandra,  where  it  was,  I 
believe,  introduced  for  the  first  time  by  the  present 
Admiralty  constructors.  The  foremost  bulkhead  of 
the  battery  is  inclined  forward  at  a  considerable  angle 
to  within  about  4  feet  of  the  middle  line,  where  it 
becomes  transverse,  as  shown.  Immediately  over  this 
foremost  portion  of  the  battery,  at  the  middle,  is  a  very 
strong  pilot-tower,  standing  well  above  both  the  gunwale 
and  the  forecastle.  This  shows  that  the  Austrian 
officers  who  have  been  in  an  action  with  iron-clads  do 
not  consider  such  towers  unnecessary.  The  above 
appear  to  me  to  be  the  principal  features  of  the 
Tegethoff.  It  may  be  interesting  to  add  that,  while  the 
outer  skin  and  angle-irons  of  the  hull  are  of  iron,  all 
the  remainder  is  of  Bessemer  steel,  varying  in  tensile 
strength  from  30  to  33  tons  per  square  inch  of  section, 
and  possessing  this,  as  I  am  informed,  in  combination 
with  25  per  cent,  of  ductility.  This  Bessemer  steel  is 
produced  very  successfully  in  Styria  and  Carinthia, 
from  which  districts  of  Austria  the  chief  supplies  of 
the  Tegethoff  are  derived.  I  may  further  add  that,  in 
designing  this  ship,  much  consideration  has  been  given 
to  securing  both  strength  and  subdivision  by  means  of 
water-tight  bulkheads  between  the  coal-spaces  and  the 
boilers  and  elsewhere.” 


CHAPTEE  XVII. 

THE  AEMOUEED  SHIPS  OF  THE  SMALLEE  EUEOPEAN 

POWEES, 

The  Appendix  contains  the  lists  and  principal  dimensions 
of  the  armoured  ships  of  other  important  European 
naval  powers ;  and  although  necessarily  far  from  com- 
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plete,  they  will  be  found  more  accurate  and  made  up 
to  later  date  than  any  previously  published. 

As  a  resume  of  interesting  facts  relating  to  armoured 
fleets,  it  may  be  stated  that  the  grand  total  of  all  the 
European  armoured  ships  that  have  been  built  down  to 
the  present  time  amounts  in  the  aggregate  to  1,014,500 
tons ;  that  the  grand  total  of  all  the  armoured  ships 
built  and  building  for  the  British  navy  up  to  January 
1876,  amounts  in  the  aggregate  to  317,000  tons,  and 
the  cost  thereof,  in  round  numbers,  to  eighteen  million 
pounds  sterling. 

According  to  numbers,  and  excluding  the  small  craft, 
such  as  the  batteries  demontahles  of  the  French  and  the 
few  floating  batteries  still  remaining  on  the  English 
and  French  lists  from  the  Crimean  war  period,  it  appears, 
by  including  all  the  other  classes,  rigged  and  mastless, 
sea-going  and  for  coast-defence,  that  eighteen  years’ 
continuous  effort  and  the  expenditure  of  enormous  sums 
of  money  have  produced  the  following  results  :  England 
heads  the  list  with  59  vessels.  France  comes  next 
with  53,  including  those  now  building,  which  have  an 
aggregate  tonnage  of  184,000.  Russia  is  possessed  of 
29,  with  a  tonnage  of  89,000,  among  which  are  four  sea¬ 
going  ships.  Italy  has  16  of  the  aggregate  tonnage  of 
55,000;  and  when  the Duilio  and  Dandolo  are  completed, 
will  possess  the  two  most  powerful  fighting  ships  in  the 
continental  waters  of  Europe.  Turkey,  if  possessed  of 
little  else,  can  show  a  fleet  of  24  fighting-ships,  with 
an  aggregate  tonnage  of  65,000.  The  German  Empire 
has  thirteen  vessels,  eight  of  them  sea-going,  with  an 
aggregate  tonnage  of  60,000.  Holland  possesses  17,  of 
the  tonnage  of  23,000.  Austria  has  14,  and  Spain  7. 

No  European  power  claiming  to  have  a  navy  is 
entirely  without  armoured  ships,  and  of  those  not  con¬ 
tained  in  the  tables  in  the  Appendix,  nor  heretofore 
given,  Denmark  possesses  6,  Sweden  and  Norway  8, 
half  belonging  to  each,  Portugal  1,  and  Greece  2. 
The  grand  total  of  European  armoured  ships,  including 
those  building,  may,  at  the  present  time,  therefore,  be 
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taken  as  249 ;  of  which  England  possesses  about  one- 
fourth,  France  about  one-fifth,  Kussia  about  one-eighth, 
and  the  remaining  powers  still  smaller  proportions. 
Crossing  the  ocean,  it  is  found  that  Brazil  has  17 
armoured  vessels,  Peru  6,  Chili  and  the  Argentine 
Confederation  2  each;  while  in  Asia,  Japan  boasts  of 
2  armoured  vessels  (one  of  them  the  Stonewall  Jackson 
of  well-known  fame),*  and,  lastly,  the  Chinese  have 
entered  the  field  with  armoured  gunboats. 

It  is  proper  to  add  that  neither  the  number  of  vessels, 
the  number  of  guns  carried,  nor  the  total  tonnage  will 
convey  correct  ideas  of  the  power  and  efficiency  of  the 
fleets. 

With  a  single  exception,  leaving  out  of  account  the 
skirmishes  on  the  coast  of  Spain  during  the  late  civil 
war,  none  of  the  numerous  European  armoured  ships 
have  ever  been  engaged  in  mutual  warfare.  The  excep¬ 
tion  is  the  short  and  ill-contested  fight  of  one  hour’s 
duration  at  Lissa,  between  the  Austrians  and  Italians. 
The  account  of  this  battle  published  by  Admiral 
Persano,  shows  that  the  Austrian  fleet  consisted  of  seven 
armoured  vessels  and  fifteen  wooden  frigates,  and  that 
the  Italian  fleet  consisted  of  twelve  armoured  and  eight 
wooden  vessels  ;  that  the  Italian  flag-ship  Be  d’ltalia, 
a  wooden  iron-clad,  was  sunk  by  the  ram  of  the  Austrian 
flag-ship  Ferdinand  Max ;  and  that  the  Italian  corvette 
Palestro  was  struck  abaft  in  the  unarmoured  part  by  a 
shell,  which  set  her  on  fire,  and  blew  her  up,  all  hands 
on  board  being  lost.  The  sea  was  somewhat  rough, 
and  the  Italians  managed  their  ships  and  guns  so 
unskilfully  that  but  little  damage  was  done  to  the 
Austrian  ships ;  and  although  one  of  the  Italian  ships 
delivered  two  concentrated  broadsides  at  one  of  the 
enemy’s  ships  as  she  passed  within  40  yards,  not  one 

*  Three  powerful  war-vessels  belonging  to  the  Japanese  Govern¬ 
ment  have  DOW  just  been  completed  in  England.  They  have  been 
designed  by  Mr.  E.  J.  Reed,  C.B.,  M  P.  One  is  an  iron-built  ship 
protected  by  9-inch  armour,  and  carrying  Rrupp  24  and  17-centim,  guns. 
The  other  two  are  composite-built,  with  4  inches  of  armour  at  the 
water-line,  and  carrying  Krupp  17  and  15-centim.  guns. 
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shot  struck.  All,  ou  both  sides,  were  broadside  ships. 
This  battle  cannot  be  quoted  as  decisive  of  the  value  or 
weakness  of  armoured  ships,  nor  does  it  prove  that 
future  naval  engagements  will  be  mainly  decided  by 
ramming,  for  if  anj’one  will  carefully  read  the  account  of 
the  Fatti  di  Lissa  he  will  perceive  the  extreme  difficulty 
which  was  experienced  by  both  Austrian  and  Italian 
captains  in  delivering  against  a  ship  in  motion  the 
fatal  and  decisive  blow.  It  was  not  until  the  rudder  of 
the  lie  d’ Italia  was  disabled,  that  the  Austrian  iron-clad 
was  able  to  ram  her.  No  lesson  of  value  can  therefore 
be  drawn  from  this  contest.  It  remains  for  future 
great  naval  battles  to  furnish  naval  architects  and 
officers  with  practical  illustrations. 

The  last  additions  to  the  Turkish  armoured  fleet  are 
the  sister  ships  Mesoudiyeh  and  the  Memdouhiyeh,  both 
designed  by  Ahmed  Pasha,  the  Chief  Constructor  of  the 
Turkish  navy,  built  by  the  Thames  Iron-Works  Com¬ 
pany,  and  supervised  by  British  Admiralty  officers. 
The  Mesoudiyeh  was  delivered  to  the  Sultan  of  Turkey 
in  1876,  and  the  Memdouhiyeh  had  her  official  trial- 
trip  over  the  measured  mile  on  the  Maplin  Sands  in 
the  month  of  January  1877. 

The  displacement  of  these  ships  is  9,000  tons  each  ; 
and  their  principal  dimensions  may  be  seen  by  referring 
to  the  table  of  armoured  ships  of  the  Turkish  navy, 
given  in  the  Appendix.  They  are  full-rigged  frigates 
of  the  broadside  central-battery  type,  with  hulls  of  the 
usual  cellular  construction — containing  in  all  82  water¬ 
tight  compartments.  The  battery  is  153  feet  in  length, 
and  the  armour-plating  on  the  sides  is  12  inches  thick, 
backed  by  the  same  thickness  of  East  India  teak. 

The  armaments  were  furnished  by  Sir  W.  G. 
Armstrong  &  Co.,  and  consist  of  twelve  18-ton  guns  on 
the  main-deck,  two  6^-ton  guns  on  the  upper  deck 
forward,  and  one  of  the  same  calibre  aft. 

The  steam-machinery  of  the  Memdouhiyeh  was  con¬ 
structed  by  Messrs.  Maudslay,  Sons  &  Field,  The 
engines  are  of  that  firm’s  well-known  type,  with  two 
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piston-rods  to  each  cylinder,  connected  by  an  inclined 
cross-head,  one  rod  passing  over  and  the  other  below 
the  crank-shaft.  The  two  steam-cylinders  are  each 
116  inches  in  diameter,  and  the  stroke  4  feet.  The 
snrface-condensers  contain  8,800  brass  tubes,  each 
8^  feet  in  length  by  f  inch  diameter  inside,  giving  a 
total  condensing-surface  of  16,500  square  feet.  The 
condensing-water  is  circulated  by  two  3-feet  centrifugal 
pumps,  each  pump  being  capable  of  circulating  5,000 
gallons  of  water  per  minute.  The  diameter  of  the 
screw-propeller  is  23  feet,  and  the  pitch,  as  set  on  the 
trial-trip,  19^  feet.  It  is  arranged  to  be  disconnected 
from  the  screw-shaft,  and  to  revolve  when  the  ship  is 
under  sail. 

The  boilers  are  eight  in  number,  and  of  the  rectan¬ 
gular  type,  each  containing  five  furnaces  7^  by  3  feet. 
The  total  grate-surface  is  900  square  feet,  and  total 
heating-surface,  22,500  square  feet. 

The  results  of  the  trials  on  the  measured  mile  are 
given  by  The  Engineer.  Six  runs  were  made,  every 
alternate  one  beings  agfainst  the  tide — the  means  of  all 
being,  revolutions  per  minute,  66'3  ;  vacuum,  26^  ms. ; 
boiler-pressure,  28^  pounds ;  speed  in  knots,  13'74. 


CHAPTER  XVIIJ. 

COMPOUND  ENGINES. 

The  efforts  of  the  engineering  profession  have  long 
been  directed  to  the  reduction  of  the  cost  of  production 
of  power;  and  for  a  lengthened  period  the  question  of 
the  relative  merits  of  simple  and  compound  engines 
has  occupied  the  attention  of  the  engineering  world. 
Many  experiments  have  been  made  and  much  ability 
and  ingenuity  displayed,  to  prove  that  the  compound 
system  possessed  no  advantages  over  the  ordinary 
simple  engine  working  high-pressure  steam ;  the  most 
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important  of  these  experiments  will  be  noticed  pre¬ 
sently. 

The  Chief  of  the  Bureau  of  Steam-Engineering  in 
the  United  States,  in  his  annual  report  to  the  Navy 
Department,  dated  October  10,  1871,  just  after  return¬ 
ing  from  a  short  tour  of  investigation  of  the  subject, 
gives  the  facts  that  were  to  be  obtained  at  that  time ; 
and  we  quote  that  part  of  the  report  which  bears  on 
the  subject.*  It  is  as  follows  : — 

‘^The  tour  proved  very  instructive  and  interesting 
in  many  respects,  especially  in  Great  Britain,  where 
immense  fleets  of  iron  ships  are  constructed  and  put 
afloat  yearly,  where  ships  are  built  for  nearly  all 
European  nations,  and  where  the  British  navy  is 
systematically  improved  and  strengthened  by  additions 
of  nearly  twenty  thousand  tons  of  iron-clads  annually, 
besides  transports  and  unarmoured  vessels. 

“  The  vast  and  varied  experience  of  their  constructing 
engineers  and  the  sharp  competition  between  rival 
building-firms  have  given  rise  to  rapid  improvements, 
and  compelled  the  abandonment  of  many  designs  only 
a  few  years  ago  regarded^  as  the  best  productions  of 
engineering  skill. 

“  The  pressure  of  steam  carried  in  marine  boilers  has 
gradually  risen  with  a  corresponding  increase  in  the 
extent  to  which  expansion  is  carried,  until  boilers  have 
been  introduced,  and  are  coming  into  universal  use  on 
board  ship,  in  which  the  steam  is  kept  from  sixty  to 
seventy-five  pounds  per  square  inch,  and  expanded  in 
the  cylinders  from  ten  to  fourteen  times. 

“  The  form  of  boiler  used  for  generating  steam 
differs  from  the  type  so  long  employed  in  all  Euro¬ 
pean  steamers.  It  is  built  with  a  cylindrical  shell  of 
from  9  to  15  feet  diameter,  and  from  |  inch  to 
inch  thick,  according  to  the  pressure  to  be  carried. 
It  is  sometimes  from  9  to  10  feet  long,  and  is  placed 
in\  the  vessel  ath wart-ships,  with  stoke-holes  fore  and 

*  This  report  is  by  Chief  Engineer  King. 


COMPOUND  ENGINES. 


203 


aft  in  the  ordinary  way ;  sometimes,  however,  it  is 
about  18  feet  long,  placed  fore  and  aft  and  fired  from 
either  end.  There  are  two  or  three  cylindrical  flues, 
according  to  the  diameter,  in  which  are  the  grates, 
and  above  them  a  set  of  horizontal  Are  tubes,  through 
which  the  gases  return  to  the  front,  and  then  pass 
into  the  funnel.  This  boiler  is  strong,  of  moderate 
cost,  and  generates  steam  freely  and  economically. 

“  The  type  of  engine  employed  for  working  the  steam 
is  known  as  the  double-expansion  or  compound,  the 
steam  being  admitted  from  the  boilers  first  into  a 
small  high-pressure  cylinder,  expanded  to  a  third  or 
fourth  of  its  original  pressure,  then  passed  through  a 
receiver  into  a  large  or  low-pressure  cylinder,  and, 
after  propelling  the  pistoii  to  the  end  of  the  stroke, 
exhausted  into  the  condenser.  This  system  of  working 
steam  expansively  was  introduced  by  Woolf  seventy 
years  ago ;  but  at  that  date  steam  was  used  at  a  very 
low  pressure,  and  the  project  met  with  no  success.  For 
many  succeeding  years  the  subject  was  discussed  and 
experimented  upon  by  engineers,  but  no  advantages 
over  the  ordinary  method  of  working  steam  expansively 
in  a  single  cylinder  were  reached  until  a  talented 
Scotch  engineer,  Mr.  John  Elder,  proprietor  of  the 
Fairfield  Works,  near  Grlasgow,  several  years  ago  took 
up  the  subject,  and,  in  the  face  of  immense  opposition, 
zealously  pursued  it,  designing  and  constructing  every 
year  several  sets,  each  more  and  more  improved  in 
design  and  detail,  until  they  were  brought  to  their 
present  state  of  perfection. 

“  Of  the  thirty-seven  engineering  works  and  iron-ship 
building-yards  on  the  Clyde,  the  Fairfield  Works  is 
now  the  most  extensive  and  important.  At  the  time 
of  my  visit  this  firm  had  already  completed  one  hun¬ 
dred  and  thirty  pairs  of  marine  compound  engines, 
wdth  suitable  boilers,  and  had  then  twenty-two  pairs 
under  construction — all  for  ocean-steamers.  In  their 
ship-yard,  ten  large  iron  vessels  were  on  the  blocks, 
four  at  the  wharf  being  engined  and  completed, 
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and  orders  were  in  hand  for  others  as  soon  as  room 
could  be  made  for  them.  This  firm  is  justly  regarded 
as  the  pioneer  of  the  compound  system,  and  their  pro¬ 
ductions  are  accepted  as  the  best  types. 

“  The  largest  establish  menton  the  Eiver  Tyne,  and, 
as  a  combination  of  engineering  and  manufacturing 
industries,  the  most  extensive  in  Great  Britain,  the 
Palmer  Company,  had  under  construction  about  the 
same  number  of  compound  engines,  two  iron-clads  for 
the  British  navy,  and  several  other  vessels.  In  short, 
all  the  engineering-works  in  Great  Britain  are  now 
constructing  their  marine  steam-machinery  on  the  new 
system.  These  engines  are  also  manufactured  by 
Messrs.  Schneider  &  Co.,  at  Creuzot,  and  M.  Maze¬ 
line,  at  Havre,  in  Prance.  They  are  also  manufac¬ 
tured  in  Germany  and  Belgium.  Indeed,  the  success 
of  the  system  is  so  certainly  established  that  no  Euro¬ 
pean  power  will  now  contract  for  an  ocean-steamer 
unless  it  is  stipulated  that  she  is  to  be  propelled  by 
compound  machinery. 

“Many  commercial  vessels  containing  very  good 
machinery  of  the  ordinary  kind  have  been  laid  up,  the 
machinery  removed,  and  other  machinery,  on  the  new 
system,  substituted.  An  example  of  this  came  under 
my  notice  in  the  case  of  one  of  the  West  India  mail 
screw-steamers — the  Tasmania.  This  vessel,  twelve 
years  old,  had  the  best  machinery,  with  jet-condenser, 
at  the  date  of  construction ;  and  had  made  fifty  round 
trips  with  it.  All  the  machinery  was  then  removed, 
and  compound  machinery  substituted.  At  the  date  of 
my  visit  one  round  trip  had  been  made  with  it,  and  an 
inspection  of  the  logs  showed  the  average  consumption 
of  coal  for  the  round  trip  with  the  old  machinery  to  be 
three  thousand  tons,  while  the  round  trip  with  new 
machinery  had  been  made  with  fourteen  hundred  and 
forty-five  tons,  the  speed  of  the  vessel  remaining  the 
same.  In  some  cases,  such  as  that  of  the  Ville  de  Paris 
and  another  vessel  of  the  French  Atlantic  line,  both 
comparatively  new  ships  and  having  excellent  machi- 
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nery,  orders  have  been  issued  for  its  conversion  by  the 
addition  of  a  third  steam-cylinder,  to  be  used  for  the 
admission  of  the  high-pressure  steam,  the  removal  of 
the  present  boilers,  and  in  lieu  thereof  high-pressure 
ones  to  be  placed  on  boai’d, 

“The  Ciinard  Company,  the  most  conservative  of 
all  steamship  owners,  who  were  the  last  of  the  com¬ 
panies  to  substitute  iron  for  wooden  vessels,  who  were 
the  last  to  give  up  paddle-wheels  for  the  screw,  are  now 
also  the  last  to  accept  the  compound  engine  and  high- 
pressui’e  steam  in  the  vessels  of  their  line  in  lieu  of  the 
old  system.  But  in  this,  as  in  former  cases,  the  sharp 
competition  of  several  lines  has  caused  this  company 
to  convert  the  machinery  of  one  of  their  vess(ds,  and 
to  place  the  new  type  in  two  small  vessels,  the  Batavia 
and  Parthia  ;  besides,  at  the  time  of  my  visit,  models 
were  being  prepared  for  two  vessels  of  dimensions 
larger  than  any  now  on  the  line,  to  be  constructed  and 
supplied  with  the  compound  type  of  machinery.* 

“  The  British  Admiralty,  charged  with  the  administra¬ 
tion  of  by  far  the  largest  and  most  powerful  navy  in 
the  world,  always  cautious  in  the  application  of  new 
inventions,  rarely  adopting  any  untried  plans,  but 
surely  accepting  the  most  successful  in  practical 
operation,  have  in  this  instance  made  a  test  of  the 
new  system  by  its  application  to  two  ordinary  wooden 
vessels,  the  Tenedos  and  the  Briton,  of  1,331  and  1,261 
tons  register,  respectively.  The  success  attending  the 
trials  of  these  two  vessels  justified  them  in  ordering  a 
third  set  for  the  Thetis  ;  also  two  other  sets  for  the 
twin-screw  iron-clads  Hydra  and  Gycloys,  all  now  under 
construction  ;  and  although  several  iron-clads  and  un¬ 
armoured  vessels  are  being  completed  with  the  ordinary 
type  of  screw-machinery,  ordered  two  or  more  years 
ago,  all  future  ships  constructed  for  the  British  navy 
will  doubtless  be  engined  on  the  new  system.  It  is 
not  probable,  however,  that  any  of  their  six  hundred 
registered  vessels  will  be  ordered  to  undergo  the  process 


♦  These  two  ships,  since  completed,  are  the  Bothnia  and  Scythia. 
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of  alteration,  because  their  cruising  steamers  are 
intended  to  be  essentially  sailing-vessels,  and  their 
steam-power  is  only  used  when  the  sails  cannot  be 
depended  upon  to  accomplish  the  purpose  required ; 
the  cost,  therefore,  of  the  alteration  from  the  old  to 
the  new  machinery  would  be  too  great  for  the  results 
desired  to  be  obtained.  ' 

“  The  original  cost  of  steam  machinery  on  the  com¬ 
pound  system,  its  total  weight,  and  tlie  space  occupied 
by  it  in  a  vessel,  does  not  materially  differ  from  that 
of  the  ordinary  type.  The  advantages  are  chiefly  to 
be  found  in  the  reduced  consumption  of  fuel,  the  less 
space  required  for  it  on  board,  and  the  smaller  number 
of  men  required  to  handle  it.  These  advantages  have 
been  found  very  great  in  commercial  vessels  making 
long  passages,  so  great  that  the  new  type  of  machinery 
is  as  surely  displacing  the  old  on  the  ocean  as  the  screw 
displaced  the  paddle,  and  surface-condensation  displaced 
the  old  jet-condenser.  In  the  two  steamers  of  the 
British  Eoyal  Navy  where  compound  engines  have  been 
applied  and  tested,  and  in  the  Atlantic  steamers  plying 
between  New  York  and  Liverpool,  with  this  kind  of 
machinery  on  board,  the  power  developed  is  obtained 
with  less  than  two  pounds  of  good  English  coal  per 
horse-power  per  hour,  or  half  the  fuel  that  was  ne¬ 
cessary  under  the  system  of  non-expansion  and  jet- 
condensation.  In  other  words,  a  steamer  is  propelled 
the  same  distance  and  at  the  same  speed  by  compound 
machinery  with  five  hundred  tons  of  coal,  as  she 
would  have  been  with  one  thousand  tons  by  the  old 
type ;  and  there  is  from  thirty  to  forty  per  cent,  less 
coal  consumed  than  by  the  latest  and  best  kind  of 
simple  engines,  having  surface-condensation  and  super¬ 
heaters. 

“  The  progress  made  in  this  direction,  of  economy  in 
fuel,  may  be  briefly  noted  in  the  following  facts :  The 
paddle-wheel  steamer  Scotia,  of  the  Cunard  line,  put 
afloat  in  1862,  and  at  that  date  regarded  as  the  best 
and  latest  type  of  engineeriug  skill,  a  vessel  with  a 
midship  section  of  841  square  feet,  consumed  160  tons 
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of  coal  per  day,  or  1,600  tons  on  the  ten  days’  passage 
between  New  York  and  Liverpool.  The  City  of 
Brussels,  a  screw-steamer  of  the  Inman  line,  put  afloat 
in  1869,  and  having  a  midship  section  of  709  square 
feet,  consumed  95  tons  per  day,  or  950  tons  on  tiie 
ten  days’  passage.  The  Spain,  a  screw-steamer  of  the 
National  line,  and  the  largest  ship  on  the  Atlantic, 
put  afloat  in  1871,  with  compound  machinery,  having 
a  length  of  425  feet  6  inches  on  the  load-line,  beam 
moulded  43  feet,  and  draught,  loaded,  24  feet  9  inches, 
made  the  passage  in  September  with  53  tons  of  coal  per 
day,  or  530  tons  for  the  ten  days’  run.  All  three  vessels 
had  the  same  average  speed;  and  a  small  percentage 
only  of  the  gain  was  due  to  the  finer  lines  and  pro¬ 
portions  of  the  last  constructed  vessels. 

“  The  field  of  observation  in  this  direction  has  been 
thoroughly  gone  over,  the  subject  carefully  investi¬ 
gated,  and  the  Bureau  is  informed  of  the  extent  of 
European  operations  and  results,  of  which  a  brief  out¬ 
line  has  been  given.  The  information  is  positive,  and 
there  can  be  no  hesitation  in  recommending  that  all 
cruising  steamers  for  the  navy  hereafter  put  afloat  be 
engined  on  the  compound  system,  and  that  all  the 
steam  machinery  stored  in  the  navy-yards  that  cannot 
be  used  to  advantage  in  the  old  vessels,  or  converted 
into  compound,  be  disposed  of  by  public  sale,  or  broken 
up  and  used  as  old  material ;  and  in  view  of  the 
necessity  of  timely  preparation,  the  Bureau  has  taken 
steps  for  the  execution  of  complete  sets  of  working- 
drawings  for  the  machinery  of  vessels  on  the  stocks, 
and  that  will  suit  classes  of  vessels  that  may  be  de¬ 
signed  as  cruisers.  It  is  not,  however,  recommended  to 
remove  the  machinery  from  any  of  the  old  vessels  for 
the  purpose  of  replacing  it  by  new,  except  in  cases 
where  the  repairs  to  the  old  shall  be  found  so  costly  as 
to  condemn  it  altogether ;  for  the  appropriations  are 
desired  to  be  as  small  as  is  compatible  with  the  public 
interest,  and  the  cost  of  alteration  w'ould  be  too  great, 
considering  the  advantages  desired  to  be  gained  under 
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the  regulations,  of  using  sails  as  the  motive  power, 
except  in  cases  of  emergencies.” 

Subsequent  experience  has  still  more  firmly  estab¬ 
lished  the  merits  of  the  compound  system.  In  European 
countries,  simple  expansion  engines  are  now’  as  obsolete 
for  all  commercial  and  naval  vessels  as  the  paddle- 
w'heel  in  ocean  steamers.  The  records  of  the  surveyor’s 
offices  in  London  show  that  of  the  several  hundred  com¬ 
mercial  sea-going  vessels  built  in  the  kingdom  since  1871, 
including  one  hundred  and  twenty -three  under  construc¬ 
tion  when  last  year’s  report  was  received,  all,  except  a 
very  few  for  special  purposes,  have  been  engined  on 
the  compound  system.  Besides  this  a  large  number  of 
steamers  set  afloat  previous  to  the  successful  applica¬ 
tion  of  the  compound  engine  have  since  been  docked, 
their  engines  and  boilers  removed  to  the  scrap-heap, 
and  in  lieu  thereof  compound  machinery  erected  on 
board.  A  number  of  vessels  which  have  had  their 
machinery  so  altered  are  not  more  than  eight  years 
old,  and  some  are  only  five  years  old.  The  steamers 
of  the  commercial  fleet  of  Great  Britain  still  retain¬ 
ing  the  old  types  of  engines  and  boilers  do  so  because 
the  vessels  cannot  be  spared  from  employment  suffi¬ 
ciently  long  to  remove  the  old  machinery  and  substitute 
the  new,  or  because  they  are  not  wiuth  the  expense 
of  the  change.  So  far  has  this  system  of  compound¬ 
ing  the  machinery  of  old  vessels  been  carried,  or, 
more  properly,  of  substituting  the  compound  for  the 
simple  type,  that  for  vessels  of  1,000  tons  and  under  the 
proprietors  of  several  engineering  works  have  built,  and 
retained  on  hand  to  a  considerable  extent,  suitable 
compound  engines  and  boilers  in  anticipation  of 
vessels  requiring  them ;  and  in  many  cases  they  have 
contracted  for  and  accomplished  the  feat  of  removing 
the  old  machinery  and  erecting  new  on  board  in 
ten  days’  time.  Many  of  the  old  Channel,  coast, 
and  river  steamers  of  England  still  retain  their  old 
machinery,  for  the  reasons  above  stated.  Some,  how¬ 
ever,  have  been  altered;  an  instance  of  which  is  the 
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paddle-steamer  Wolf,  which  runs  between  Havre  and 
Southampton.  This  vessel  has  a  length  of  250  feet, 
breadth  27  feet,  and  9  feet  draught  of  water.  She  was 
furnished  originally  with  the  old  type  of  inclined 
engines,  jet-condensers  and  box-boilers,  carrying  30 
pounds  pressure  of  steam.  Tor  eight  years  she 
made  the  passage  regularly  between  Havre  and 
Southampton,  of  eighteen  hours,  on  48  tons  of  coal  for 
the  round  trip.  Two  years  ago  these  engines  were 
compounded,  and  cjlindrical  boilers,  carrying  60  pounds 
pressure  of  steam,  substituted  for  the  old  ones.  The 
results  of  this  change  were  increased  speed  and  an 
average  consumption  of  coal  for  each  round  trip  of 
28  tons.  Many  other  cases  could  be  cited,  but  it 
may  be  sufficient  to  state  that  Lloyd’s  inspecting 
engineer’s  books  show  the  saving  of  fuel  resulting  from 
compounding  the  engines  of  British  steamers  to  be 
from  30  to  40  per  cent. 

One  of  the  steamship  companies  having  steamers 
that  make  long  passages  is  the  Eoyal  Mail.  This 
company  owns  twenty-four  steamers,  eighteen  of  which 
are  engined  on  the  compound  system,  three  still 
retain  the.  old  type  of  engines,  and  three  have  been 
altered  from  the  old  to  the  new  system,  with  an  average 
gain  in  fuel  of  40  per  cent.  The  Moselle,  a  vessel  of 
this  line,  to  which  attention  may  be  called  as  one  eco¬ 
nomical  in  fuel,  has  a  length  of  376  feet,  breadth  of 
40  feet,  and  a  draught  of  water  of  21  feet.  She  was 
built  by  Elder  &  Co.  in  1873.  The  engines  are  of  the 
inverted  vertical  compound  type,  w'ith  a  high-pressure 
cylinder  of  60^  inches  and  low-pressure  of  112  inches 
in  diameter,  and  a  stroke  of  4  feet.  The  boilers  are 
cylindrical,  and  the  pressure  of  steam  60  pounds  to 
the  square  inch.  This  vessel  is  on  the  West  India  line; 
the  distance  steamed  for  each  round  voyage  is  10,000 
miles,  the  average  speed  12  knots,  and  the  average 
consumption  of  coal  40  tons  per  day  of  24  hours. 

It  has  been  seen  that  as  early  as  1871  the  British 
Admiralty,  though  always  cautious  in  the  application 
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of  new  inventions,  bad  set  afloat  two  corvettes  engined 
on  the  compound  system,  and  that  the  same  type  of 
engines  were  under  construction  for  three  other  vessels. 
About  this  time  a  special  committee  on  the  designs  of 
ships  of  war,  consisting  of  sixteen  of  the  most  dis¬ 
tinguished  naval  officers,  naval  architects,  and  engineers 
in  the  kingdom,  were  holding  their  sittings  in  London. 
In  1872  their  voluminous  report  was  presented  to  both 
houses  of  Parliament,  and  the  following  is  an  extract  from 
that  part  of  the  report  relating  to  compound  engines ; — 

“  The  carrying-power  of  ships  may  certainly  be  to 
some  extent  increased  by  the  adoption  of  compound 
engines  into  Her  Majesty’s  service.  We  are  aware 
that  this  modification  of  the  ordinary  marine  engine 
has  not  escaped  the  notice  of  the  constructive  depart¬ 
ment  of  the  navy,  and  that  some  few  of  Her  Majesty’s 
ships  have  been  so  fitted  ;  but  its  use  has  recently 
become  very  general  in  the  mercantile  marine,  and  the 
weight  of  evidence  in  favour  of  the  large  economy  of 
fuel  thereby  gained  is,  to  our  minds,  overwhelming  and 
conclusive.  It  is  unnecessary  for  us  to  say  that  in 
designing  a  ship,  economy  of  fuel  may  mean  either 
thicker  armour,  greater  speed,  a  smaller  and  cheaper 
ship  or  the  power  of  moving  under  steam  alone  for  an 
increased  period,  according  to  the  service  which  the  ship  is 
intended  to  perform.  We  beg  leave,  therefore  earnestly 
to  recommend  that  the  use  of  compound  engines  may 
be  generally  adopted  in  ships  of  war  hereafter  to  be 
constructed,  and  applied,  whenever  it  can  be  done  with 
due  regard  to  economy  and  to  the  convenience  of  the 
service,  to  those  already  built.” 

Since  the  date  of  this  recommendation,  viz.,  in  1872, 
nine  armoured  ships  of  large  size  have  been  designed 
and  ordered  to  be  constructed ;  twenty-three  un¬ 
armoured  corvettes,  twelve  unarmoured  sloops,  two 
armed  dispatch  vessels,  one  troop-ship,  and  twenty- 
eight  gunboats,  besides  several  vessels  designed  but 
not  ordered  to  be  built.  All  of  these  vessels,  except 
a  very  few  of  the  gunboats  and  one  sloop,  have  been. 


COMPOUND  ENGINES. 


211 


or  are  being,  engined  on  the  compound  system.  The 
excepted  gunboats  referred  to  have  been  supplied 
with  simple  expansive  engines,  carring  the  same  pres¬ 
sures  of  steam  in  the  boilers,  viz.,  from  60  to  70  pounds 
per  square  inch ;  and  the  sloop  is  to  be  engined  on  the 
Perkins  system,  in  wliich  steam  is  to  be  carried  at 
from  250  to  300  pounds  per  square  inch. 

The  British  Admiralty  have  not  converted  the  en¬ 
gines  of  any  war-vessels  for  the  reasons  already  stated, 
but  some  of  the  troopships  employed  in  making 
long  passages  to  India,  and  as  a  consequence  using  coal 
in  large  quantities,  have  been  converted — one,  the 
Euphrates,  built  and  engined  by  Laird  Brothers  nine 
years  ago,  at  a  cost  of  £75,000  for  the  machinery. 
Though  the  machinery  was  in  all  respects  in  good 
order,  it  was  condemned  in  1876,  and  compound  engines 
and  new  boilers  substituted  by  the  same  firm  at  a  cost 
of  £55,000  and  the  old  machinery.  The  Euphrates  is 
of  6,211  tons  displacement  and  5,000  indicated  horse¬ 
power. 

The  compound  system  was  introduced  and  adopted 
in  the  national  navy  of  Prance  after  its  success  was 
established  in  the  British  navy ;  and  it  is  said  at  the 
engineering  department  of  the  Ministre  de  la  Marine 
in  Paris  that  no  ships  are  now  built  or  ordered  to  be 
built  for  the  French  navy  with  other  than  compound 
machinery. 

In  the  Italian  navy  one  ship,  the  Builio,  building  at 
Castellamare,  is  being  engined  with  Penn’s  old  type  of 
machinery.  This  machinery  was  ordered  before  the 
Italian  naval  authorities  felt  sure  of  the  success  of  the 
compound  system,  but  all  other  new  vessels  are  being 
fitted  with  compound  engines ;  and  it  is  quite  certain 
that  all  vessels  for  this  navy  that  may  hereafter  be 
built  will  be  engined  on  the  new  system. 

In  the  German  imperial  navy  the  compound  system 
is  in  use,  and,  as  far  as  can  be  ascertained,  it  is  also  in 
use  in  all  other  Continental  navies,  as  well  as  in  the 
vessels  of  the  commercial  marine  of  every  country. 

p  2 


212 


THE  WAE-SHIPS  OF  EUEOPE, 


If  the  ships  of  the  United  States  navy,  built  since 
the  successful  introduction  of  the  compound  engine  into 
foreign  navies,  had  been  engined  with  the  old  types  of 
machinery,  they  would  have  been  regarded  as  being  far 
behind  the  times  in  steam-engineering  appliances,  both 
at  home  and  abroad  ;  and  the  very  officers  who  have 
raised  objections  in  that  country  to  the  compound 
engine  for  naval  vessels  would  doubtless  have  been 
the  first  to  denounce  the  Engineering  Department  as 
being  uninformed  and  incompetent  for  the  responsible 
duties  of  construction. 

If  objection  to  the  compound  system  is  based  on  the 
necessarily  higher  pressure  of  steam  now  used  than 
formerly,  it  may  be  stated  in  reply  that  the  working 
pressure  of  steam  has  gradually  risen  from  about  five 
pounds  per  square  inch,  as  at  first  introduced  on  board 
ship,  to  80  pounds  per  square  inch.  Also,  that  in  all 
the  gunboats  employed  on  the  western  rivers  during 
the  American  civil  war,  about  140  pounds  pressure  per 
square  inch  was  used.  Again,  the  British  Admiralty 
are  now  building  the  machinery  for  a  sloop  in  the 
boilers  of  which  pressures  ot  from  250  to  300  pounds 
per  square  inch  are  to  be  carried. 

The  objection  to  high-pressure  steam  on  board  fight¬ 
ing-ships  is  said  to  be  the  increased  danger  to  life  in 
the  event  of  a  projectile  piercing  a  boiler  during  an 
engagement.  Now,  all  experience  in  boiler  explosions, 
that  of  the  Thunderer  included,  has  proved  that  no 
persons  can  breathe  steam  at  whatever  pressure  it  may 
escape  from  the  boiler  in  which  it  was  contained,  and 
live.  If,  therefore,  a  boiler  having  a  pressure  of  80 
pounds  per  square  inch  should  be  penetrated,  the  result 
would  be  the  same  as  if  the  pressure  had  been  only  20 
pounds,  viz,  probable  death  to  the  engineers  and  men 
em[)loved  in  and  near  the  stoke-holes;  but  not  neces¬ 
sarily  to  any  others. 

I  It  has  been  previously  stated  that  many  experiments 
have  been  made  to  test  the  relative  merits  of  the  com¬ 
pound  engine,  and  the  simple  engine  working  high- 
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pressure  steam.  It  is  quite  unnecessary  to  go  into  any 
lengthened  statement  or  detail  of  these  experiments. 
Many  of  them  have  been  published  in  full  and  are  fami¬ 
liar  to  the  engineering  profession.  Those  only  made 
by  the  British  Admiralty  will  therefore  be  referred  to ; 
and  the  more  important  and  expensive  experiment 
with  the  Allen  line  of  steamers. 

In  1874  two  gunboats  for  the  Eoyal  Navy  were  built. 
One,  the  Swinger,  was  supplied  with  simple  engines, 
and  the  other,  the  Goshawk,  with  compound  engines. 
The  same  kind  of  boilers  and  the  same  pressure  of 
steam  was  used  in  both  cases,  and  the  indicated  horse¬ 
power  was  to  be  the  same  in  both,  viz,  36U.  Reports 
of  the  limited  trials  made  with  these  boats  were 
published  at  the  time,  and  as  different  opinions  existed 
as  to  the  merits  of  the  two  systems  for  small  vessels 
with  low  power,  it  was  decided  to  supply  three  others, 
to  be  built  after  the  same  fashion.  Accordingly  the 
Sheldrake  and  the  Moorhen  were  fitted  with  simple 
expansive  engines,  and  the  Mallard  with  compound 
engines.  These  vessels  are  composite  gunboats.  The 
two  former  were  engined  by  Messrs.  Napier  &  Sons, 
and  the  latter  by  Earle’s  Shipbuilding  and  Engineer¬ 
ing  Company,  of  Hull.  The  boilers  in  all  are 
practically  identical.  They  are  cylindrical,  each  con¬ 
taining  two  cylindrical  furnaces  2  feet  6  inches  in 
diameter  and  4  feet  6  inches  long.  These  two  furnaces 
terminate  in  a  common  combustion-chamber  3  feet  2 
inches  deep.  The  tubes  do  not  return  over  the  fur¬ 
naces,  but  are  continued  from  the  combustion-chamber 
to  the  smoke-box  at  the  forward  end  of  the  boiler,  the 
boilers  being  placed  in  a  fore-and-aft  direction.  On  the 
top  of  the  combustion-chamber,  between  the  ends  of 
the  furna(!es  and  the  tubes,  is  suspended  a  bridge, 
which  deflects  the  flame  and  heated  gases  before  they 
enter  the  tubes,  and  the  use  of  which  has  been  attended 
with  satisfactory  results.  The  engines  of  the  Sheldrake 
and  Moorhen  are  simple  expansive  engines,  direct-acting, 
with  connecting-rods  working  between  the  cylinders  and 
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the  cranks  ;  expansion-valves,  capable  of  cutting  off  the 
steam  as  early  as  one-fifteenth  of  the  stroke,  are  fitted 
on  the  hacks  of  the  main  slide. 

The  experiments  above  named  were  with  small  ves¬ 
sels,  in  which  either  system  of  working  the  steam  will 
answer  the  purpose.  There  is  probably  no  instance  of 
any  large  sea-going  vessel  with  screw-propeller, — and  as 
a  consequence  short-stroke  engines, — in  which  the  simple 
engine,  using  high-pressure  steam,  has  been  successful. 
The  most  expensive  and  notable  attempt  to  realise  the 
benefits  of  the  compound  system  by  the  simple  engine 
at  sea  was  made  two  years  ago  by  the  proprietors  of 
the  Allen  line  of  steamers.  This  company  made  the 
comparative  test  on  a  large  scale.  Two  ships  were 
built,  the  one  fitted  with  compound  engines  and  the 
other  with  simple  expansive  engines.  The  boilers 
were  identically  alike,  made  from  the  same  drawings, 
having  the  same  grate  and  heating  surface,  and  work¬ 
ing  at  the  same  pressure  of  steam. 

It  is  impossible  to  give  all  the  details  of  these  ships, 
and  the  results  of  their  performances  at  sea,  but  the 
designer  of  the  machinery  has  contributed  the  follow¬ 
ing  particulars : — 


Name  of  ship — Polynesia. 
Length,  400  feet. 

Breadth,  42  feet. 

Draught  of  water,  25  feet,  6  inches. 
Kind  of  engines,  compound. 
Number  of  cylinders,  4,  (two  high 
and  two  low  pres.sure.) 

Diameter,  high-pressure,  43  inches. 
Diameter,  low-pressure,  80f  inches. 
Stroke,  4  feet. 

Number  of  boilers,  10. 

Number  of  furnaces,  20. 

Pressure  of  steam,  tiO  pounds. 


Name  of  ship — Circassian. 
Length,  3G0  feet. 

Breadth,  40  feet. 

Draught  of  water,  mean,  23  feet. 
Kind  of  engines,  non-compound. 
Number  of  cjdinders.  2. 

Diameter  of  cylinders,  62  inches. 
Stroke,  4  feet. 

Number  of  boilers,  10. 

Number  of  furnaces,  20. 

Pressure  of  steam,  60  pounds. 


The  expansion  valves  were  fitted  in  the  simple 
engines  to  work  the  steam,  when  desired,  to  the  same 
degree  of  expansion  as  in  the  compound  engines.  The 
workmanship  and  materials  were  equally  good,  and  the 
parts  equally  strong,  in  each  set  of  engines.  The  two 
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ships  were  put  on  the  line  between  Liverpool  and 
Quebec,  and,  as  was  anticipated,  the  results  as  to 
economy  of  fuel  were  not  materially  different,  about 
two  pounds  of  good  Welsh  coal  per  indicated  horse¬ 
power  per  hour  being  expended  in  each  ship.  This 
satisfactory  result,  however,  soon  found  an  offset  in 
the  shape  of  unexpected  difficulties  with  the  simple 
engine,  consequent  upon  the  serious  shocks  resulting 
from  the  rapidly-varying  pressures  on  the  crank-pins. 
So  serious  were  these,  that  not  only  the  crank-shaft, 
but  also  the  stationary  parts  of  the  engines,  began 
at  an  early  day  to  show  signs  of  weakness,  and  in  a 
short  time  gave  out  altogether.  The  superintending 
engineer  of  the  company  was  the  designer  of  the 
machinery,  and  it  was  only  after  his  skill  and  efforts 
had  failed  to  keep  the  ship  running  that  he  reluctantly 
decided  to  remove  the  engines  and  to  substitute  com¬ 
pound  engines  in  their  stead.  The  engines  substituted 
had  a  pair  of  vertical  inverted  cylinders,  with  a  dia¬ 
meter  for  the  high  pressure  of  55  inches,  and  for  the 
low  pressure  of  92  inches. 

Tne  performance  of  the  Polynesia  was  satisfactory 
from  the  first,  the  voyages  never  having  been  inter¬ 
rupted  ;  and  the  performance  of  the  Circassian  has 
also  been  satisfactory  since  the  substitution  of  com¬ 
pound  engines  for  the  simple  ones. 

In  so  far  as  simple  expansion  is  concerned,  it  is  of 
no  consequence  whether  it  takes  place  in  one  cylinder 
or  in  several ;  for,  as  Professor  Rankine  says 

“  The  energy  exerted  by  a  given  portion  of  a  fluid 
during  a  given  series  of  changes  of  pressure  and  volume 
depends  on  that  series  of  changes,  and  not  on  the 
number  and  arrangement  of  the  cylinders  in  which 
those  changes  are  undergone.  The  advantages  of 
employing  the  compound  engine  are  connected  with 
those  causes  which  make  the  actual  indicated  work  of 
the  steam  fall  short  of  its  theoretical  amount,  and  also 
with  the  strength  of  the  engine  and  its  framing,  the 
steadiness  of  action,  and  the  friction  of  its  mechanism.” 
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The  economy  of  working  steam  many  times  ex¬ 
panded  may  be  readily  seen  when  it  is  stated  that  a 
decrease  of  one  half  pound  of  coal  per  horse-power  per 
hour  may  give,  on  a  large  trans-Atlantic  steamer,  a 
saving  of  about  four  hundred  tons  of  coal  for  a  single 
round  voyage. 

This  economy  is  obtainable  only  by  using  steam  of 
high  pressures,  whether  it  be  worked  in  a  compound 
engine  with  its  divided  expansion,  or  in  a  single¬ 
cylinder  engine  wdth  its  irregular  strains.  As  yet  no 
satisfactory  device  except  compounding  has  given  great 
expansion  and  consequent  economy  of  fuel  at  sea. 

In  the  face  of  these  facts,  further  discussion  on  the 
subject  of  adopting  the  compound  engine  for  the 
vessels  of  the  American  navy  is  as  useless  as  would  be  a 
discussion  of  the  relative  merits  of  the  screw-propeller 
and  paddle-wAeel  for  ships  of  v/ar.* 

*  With  regard  to  this  and  the  rest  of  Mr.  King’s  remarks  upon  the 
comparative  merits  of  simple  and  compound  engines,  it  is  worthy  of 
note  that  the  engines  of  the  Northampton,  which  have  recently  been 
tried  at  their  full  power  of  6,000  horses  as  simple  expansive  engines, 
have  given  most  satisfactory  results,  and  have  developed  none  of  the 
extraordinary  phenomena  exhibited  by  the  engines  of  the  Circassian. 
The  knocks  and  shocks  in  those  engiues,  attributed  by  Mr.  King  to  the 
varying  pressure,  were  due,  as  is  pretty  well  known,  to  the  inefHcient 
action  of  the  Corliss  valve-gear  as  applied  in  this  case.  Putting 
together  the  remarkably  smooth  and  regular  working  of  the  North¬ 
ampton’s  engines  and  the  acknowledged  economy  of  the  engines  of  tlie 
Circassian  ever  long  sea  voyages,  we  cannot  at  all  concur  in  Mr. 
King’s  sweeping  condemnation  of  simple  expansive  engines  for  war 
and  for  commerce.  Besides  the  engines  of  the  Ajax  and  the  Agamemnon 
for  the  British  Navy,  each  intended  to  be  worked  as  simple  engines  at 
their  full  power  of  6,000  horses,  Messrs.  Penn  have  recently  received 
orders  for  engines  of  the  same  type  for  the  Italian  Government,  which 
will  develop  a  power  never  before  even  approached  on  shipboard. 
Again,  in  a  paper  read  during  the  present  session  of  the  Inst.  Civil 
Engineers,  Mr.  Alfred  Holt,  the  v;ell-known  shipowner  and  engineer, 
himself  the  originator  of  one  of  the  most  successful  types  of  compound 
marine  engine,  expressed  the  view  that,  notwithstanding  the  universal 
adoption  at  present  of  the  compound  engine  at  sea,  the  reintroduction 
of  improved  simple  expansive  engines  for  commercial  ships  may  yet  be 
found  desirable.  The  full  discussion  the  subject  has  received  in  this 
country  has  recently  led  to  the  adoption  in  the  British  Navy  of  means 
for  enabling  the  compound  engine  to  be  worked  as  a  simple  engine 
when  occasion  requires ;  and  the  more  glaring  defects  of  the  commercial 
type  of  compound  engine  for  purposes  of  war  have  thus  been  to  some 
extent  neutralised.  (Ed.) 
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In  the  manufacture  of  steam-machinery  for  the 
British  navy,  it  has  always  been  the  policy  of  the 
Admiralty  to  steadily  encourage  the  principal  engi¬ 
neering  works  of  tlie  kingdom  by  intrusting  them  with 
orders ;  and  this  has  in  no  small  degree  tended  to 
expand  and  develop  their  special  resources  for  marine- 
engine  construction,  and  to  create  in  these  establish¬ 
ments  the  best  constructive  and  mechanical  engineering 
ability.  No  steam-machinery  for  ships  of  war  has  at 
any  time  been  manufactured  in  the  excellent  steam 
factories  of  the  dock-yards.  These  works  are  employed 
solely  upon  repairs.  All  new  machinery  is  built  by 
contract  from  the  designs  of  responsible  contractors,  and 
the  establishment  to  which  the  contract  is  awarded 
guarantees  the  entire  work  and  the  indicated  horse¬ 
power  on  the  measured  mile.  It  is  also  held  responsible 
for  the  efficiency  of  the  machinery  for  a  period  of  one 
year  after  it  has  been  accepted  by  the  Admiralty ;  and 
any  parts  which  during  that  period  may  be  found  defec¬ 
tive,  or  may  show  symptoms  of  weakness  owing  to  faulty 
design,  materials,  or  workmanship,  must  be  removed 
and  others  substituted  for  them  by  the  contractors  at 
their  own  expense. 

In  tendering  for  tlie  supply  of  machinery,  the  con¬ 
tractors  are  requested  to  forward  a  design  in  accordance 
with  the  specifications  and  tracings  of  the  ship,  &c., 
supplied.  They  are  also  requested  to  furnish  a  design 
and  tender  for  any  other  plan  of  engines  and  boilers 
not  based  on  the  specifications,  adhering  to  the  total 
weight  and  space  to  be  occupied  by  the  machinery. 
The  tender  accepted  by  the  Admiralty  is  in  most  cases 
in  accordance  with  the  specifications,  but  not  always 
so,  as  may  be  seen  in  the  case  of  the  sister  ships  Nelson 
and  Northampton.  The  specifications  for  the  pro¬ 
pelling  machinery  of  these  two  ships  were  printed  as 
for  a  class,  and  while  the  contract  for  the  former  is 
based  upon  them,  the  latter  has  engines  of  an  entirely 
different  design,  as  will  have  been  seen  by  the  brief 
description  of  these  vessels  already  given. 
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CHAPTEE  XIX. 

MARINE  BOILERS. 

The  corrosion  of  marine  boilers  has  attracted  the 
attention  of  engineers,  ship-owners,  and  chemists  in 
England  from  the  time  of  the  introduction  of  the 
surface-condenser  down  to  the  present  day.  Much 
diversity  of  opinion  has  always  existed  as  to  the  exact 
nature  of  the  action  which,  accompanying  surface- 
condensation,  destroys  the  boiler-plates  so  rapidly  and 
curiously.  Most  of  the  various  explanations  which 
have  been  given  atfribute  the  process  of  deterioration 
to  galvanic  action  caused  by  passing  the  repeatedly 
distilled  water  over  large  surfaces  of  copper  or  brass 
tubes ;  but  the  tinning  of  condenser-tubes  and  the  sub¬ 
stitution  of  iron  boiler-tubes  and  pipes  in  place  of 
brass  or  copper  has  not  arrested  it.  It  has  been 
attributed  to  the  corrosive  action  of  certain  acids 
arising  from  the  decomposition  of  the  lubricants ;  but 
such  action  is  too  limited  to  do  the  mischief,  and  even 
where  little,  if  any,  lubricant  has  been  used  in  the 
cylinders,  the  results  have  been  the  same.  Many 
panaceas  have  been  proposed,  from  time  to  time,  for 
curing  the  malady,  such  as  the  injection  of  solutions  of 
soap  and  soda,  of  muriatic  acid,  &c.  Much  was  at  one 
time  expected  from  the  simple  plan  of  placing  plates 
of  zinc  in  different  positions  in  each  boiler.  The 
corrosion  would,  it  was  stated,  be  confined  to  the  zinc, 
while  the  iron  of  the  boilers  would  escape.  The  zinc- 
cure  was  reported  in  some  cases  to  have  been  a  success, 
while  in  others  it  appears  to  have  been  entirely  in¬ 
operative.  The  use  of  strainers  or  filters,  by  which 
grease  was  taken  out  of  the  feed-water,  was  also  held 
to  be  a  remedy,  but  this  scheme,  like  many  others, 
died  a  natural  death.  In  fact,  many  cases  are  known 
of  boilers  working  with  engines  into  the  cylinders  of 
which  no  lubricant  whatever  was  admitted,  which  have 
decayed  just  as  rapidly  as  though  oil  or  tallow  had 
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been  admitted ;  and  others  in  which  all  the  remedies 
referred  to  were  applied  have  also  met  the  same 
fate. 

The  profession  now  seem  inclined  to  account  for  the 
corrosion  by  the  action  of  the  redistilled  sea-water 
itself ;  and  this  view  seems  to  be  substantially  confirmed 
by  the  Perkins  system,  where  it  is  seen  that  a  boiler 
thirteen  years  in  constant  daily  working,  using  pure 
rain-water  over  and  over  again,  without  change  during 
all  that  time,  is  found  to  be  in  a  good  state  of  preser¬ 
vation.  This  case,  with  many  others  well-authenticated, 
seems  to  establish  the  fact  that  the  evil  must  be  attri¬ 
buted  to  the  use  over  and  over  again  of  distilled  sea¬ 
water,  and  that  no  remedy,  except  that  of  changing  the 
water  in  the  boilers  at  frequent  intervals,  will  be 
found  effective.  It  has  been  believed  by  marine  engi¬ 
neers  that  the  formation  of  scale  on  the  surface  of  the 
iron  protects  it  from  corrosion,  but  more  recent  evidence 
has  been  produced  showing  that  the  protection  is  not 
due  to  the  scale,  but  to  the  condition  of  the  water.  The 
circumstance  that  scale  is  found  on  the  iron  shows 
simply  that  the  water  has  been  kept  in  a  condition  in 
which  it  would  not  cause  corrosion,  and  this  is  all  that 
the  scale  has  to  do  with  the  matter.  Very  many  illus¬ 
trations  of  the  fact  that  changing  the  water  is  a  sure 
remedy  were  found ;  among  them  being  a  comparison 
between  two  ships  of  the  same  size  in  the  Koyal  Navy 
serving  on  the  same  station  at  the  same  time.  They 
were  paid  off  and  recommissioned  at  the  same  period. 
In  one  ship  the  water  had  been  used  in  the  boilers  over 
and  over  again ;  in  the  other  the  feed- water  had  been 
mixed  largely  with  sea-water.  The  boilers  of  the  former 
had  been  found  free  from  scale,  but  so  completely  de¬ 
teriorated  as  to  be  useless.  Those  of  the  latter  had  a 
scale  formed  on  the  plates,  but  the  boilers  were  in 
excellent  preservation.  The  experience  of  many  intel¬ 
ligent  engineers  has  been  presented  on  the  subject, 
among  the  most  important  of  which  is  that  of  Mr. 
Milan,  read  before  the  Cleveland  Iron  Trade  Asso- 
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ciation.  The  following  is  an  extract  from  this 
paper : — 

“  I  may  begin  this  paper  by  stating  that  what  data 
I  shall  have  the  pleasure  of  laying  before  you,  as  to 
the  corrosion  of  boiler-plates  when  generating  steam 
from  distilled  or  redistilled  water,  will  be  generally 
such  as  has  resulted  from  my  personal  observation. 
Much  of  it  will  doubtless  be  familiar  enough  to  those 
whose  professional  experience  has  included  the  manage¬ 
ment  of  boilers  while  working  in  conjunction  with 
surface-condensers.  In  the  earlier  days  of  the  practical 
application  of  these  condensers  (I  refer  to  fifteen  or 
sixteen  years  ago),  you  must  be  aware  that  engineers 
were  often  driven  to  their  ''wits’  end’  in  striving  to 
account  for  or  to  arrest  the  extraordinary  and  insidious 
decay  which  was  steadily  and  rapidly  consuming  their 
boilers  before  their  eyes,  while  yet  there  was  no  recog¬ 
nised  means  of  preventing  it.  And,  indeed,  up  to  the 
present  time,  although  we  have,  by  a  primitive  and 
withal  a  make-shift  expedient,  been  able  in  great 
measure  to  mitigate  the  evil,  I  am  not  av/are  that  the 
light  of  scientific  research  has  yet  been  brought  to  bear 
upon  the  subject  with  a  view  to  determine  the  nature  or 
cause  of  the  action  itself,  or  to  devise  any  means  of 
counteracting  it. 

“Fully  a  decade  of  years  has  passed  since  I  first 
endeavoured  to  ventilate  this  question,  by  introducing 
it  to  the  notice  of  gentlemen  whose  social  and  profes¬ 
sional  positions  and  interests  warranted  me  in  assuming 
that  tiiey  would  have  influenced  scientific  inquiry  in 
respect  to  the  question.  More  recently  I  have  tried 
to  set  forth  the  necessity  for  immediate  and  decisive 
cation  in  the  matter. 

“  The  decay  of  boilers  in  Her  Majesty’s  ships  has 
been  so  extraordinary  since  the  introduction  of  surface- 
condensers  that  the  officers  have  been  greatly  exercised 
in  regard  to  it.  In  spite  of  all  their  care  the  decay  has 
gone  on  silently  and  certainly ;  boilers  have  become 
disabled  after  a  few  years’  service,  and  it  became 
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evident  that  the  causes  baffled  discovery  and  remedy  in 
the  ordinary  course  of  duty.  So  impressed  were  the 
Admiralty  with  the  vital  importance  of  the  subject, 
and  with  the  futility  of  trusting  to  experience  alone 
to  find  a  way  out  of  the  difficulty,  that  about  two  years 
ago  they  appointed  a  committee  to  inquire  into  the 
boiler  management  of  ships  in  commission  and  in  the 
reserve,  the  nature  and  extent  of  the  decay  of  boilers, 
and  to  ascertain,  if  possible,  what  are  the  causes  and 
what  the  remedies.  This  committee  consists  of  two 
executive  officers,  two  engineers  and  one  chemist. 
Their  labours  have  been  directed  to  the  examination  of 
boilers  in  ships  arriving  from  different  parts  of  the 
world  and  in  different  stages  of  condition  or  decay ; 
also  in  experimenting  at  the  dock-yards.” 

The  report  of  this  committee  is  looked  for  by  the 
naval  and  commercial  services  with  unusual  interest ; 
up  to  the  last  accounts  not  one  word  of  the  results  had 
been  made  public.* 

The  following  is  an  extract  from  an  order  issued 
by  the  Admiralty  for  the  care  and  management  of 
boilers  in  the  vessels  of  the  Eoyal  Navy;  the  entire 
circular  has  been  furnished  to  the  Bureau  of  Steam- 
Engineering  in  America : — 

“  In  order  to  protect  the  plates  and  stays  from  corro¬ 
sion,  it  is  essential  that  the  surfaces  should  be  coated 
with  some  impervious  substance.  A  thin  layer  of  hard 
scale,  deposited  by  working  the  boilers  with  sea-water, 
has  been  found  to  be  the  most  effectual  preservative, 
and,  therefore,  all  boilers  when  new,  or  at  any  time 
when  any  of  the  plates  or  stays  are  bare,  are  to  be 
worked  for  a  short  time  with  the  water  at  a  density  of 
about  three  times  that  of  sea-water,  until  a  slight  pro¬ 
tective  scale  has  been  deposited. 

“  After  this,  in  the  ordinary  working  of  the  boilers, 
the  engineer  officers  in  charge  of  machinery  are  to  use 
their  discretion  as  to  the  most  suitable  density  at  which 

*  The  Report  of  the  Boiler  Committee  has  recently  been  published. 
(Ed.) 
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tlie  water  in  the  boilers  should  be  kept  for  the  service 
on  which  the  ship  is  employed.  This  density,  wdiich 
is  in  no  case  to  exceed  three  times  or  to  be  less  than 
one  and  a  half  times  that  of  sea- water,  will  probably 
vary  to  some  extent  on  different  stations  and  under 
different  conditions  of  working. 

“  No  tallow  or  oil  of  animal  or  vegetable  origin  is  to 
be  put  into  the  boilers  to  prevent  priming,  nor  for  any 
purpose.  Boilers  should,  if  possible,  be  kept  empty 

and  dry  when  they  are  not  at  work . The 

engineer  officer  must  bear  in  mind  that  unless  the 
boilers  can  be  made  thoroughly  dry,  it  will  be  better 
to  keep  them  entirely  full  of  water,  as  a  simply  damp 
state  of  the  boilers  and  stays  is  a  most  fruitful  cause  of 
decay. 

“  Boilers  are  not  to  be  used  as  tanks  to  contain  fresh 
water  for  the  use  of  the  ship’s  company,  and  they  are 
to  be  used  as  little  as  possible  for  the  purpose  of  trim¬ 
ming  the  ship  when  under  sail,  as  these  practices  tend 
to  keep  .the  boilers  in  a  damp  state,  and  conduce  to 
their  decay.  When  boilers  are  used  for  distilling 
water,  care  is  to  be  taken  that  the  stop-valves  be  quite 
tight,  so  that  no  steam  can  leak  into  the  boilers  not 
in  use.” 

Particular  directions  are  also  given  as  to  regular 
inspection  of  the  interior  of  the  boilers,  and,  if  signs  of 
decay  are  detected,  to  reports  of  the  facts  with  sketches 
showing  the  parts  attacked,  &c. 

In  the  mercantile  marine  also,  the  system  of  pro¬ 
tecting  the  interior  surfaces  of  iron  boilers  by  a  thin 
coating  of  scale  is  practised.  Much  importance  is  also 
attached  to  the  care  and  management  of  the  boilers, 
and  greater  care  is  taken  than  was  formerly  the  ease 
in  the  selection  of  competent  engineers  to  work  the 
machinery.  In  some  lines  of  steamers  the  plan  has 
been  adopted  of  not  discharging  or  blowing  off  any 
water  from  the  boilers  at  sea,  but  steaming  from  port 
to  port  with  the  water  taken  in  before  starting,  and 
making  up  the  deficiencies  caused  by  leaks,  &c.,  with 


MAKINE  BOILERS. 


223 


SPa-water,  even  though  the  density  should  reach 
The  average  useful  life  of  boilers  in  British  commercial 
vessels  is  nine  years. 

To  preserve  the  boilers  in  vessels  laid  up  in  the 
British  dock-yards  from  deterioration,  two  different 
systems  have  been  tested,  in  both  of  which  dry  caustic 
lime,  or  lime  newly  burned,  is  the  material  used.  The 
one  is  known  as  the  wet  and  the  other  as  the  dry 
system.  The  former  consists  in  keeping  the  boilers 
filled  completely  with  sea-water  mixed  with  unslaked 
lime,  removing  the  same  at  stated  periods  only  to 
repeat  the  operation.  The  latter  consists  in  removing 
all  water  from  the  boilers,  and  making  them  quite  dry ; 
after  which,  pans  of  unslaked  lime  are  deposited  in  the 
bottoms,  over  the  furnaces  and  above  the  tubes.  All 
openings  and  connections  are  closed  up  air-tight ;  the 
lime  is  periodically  removed  and  the  operation  repeated. 
In  addition  to  this,  when  the  atmospheric  dampness  is 
extreme,  light  fires  in  the  ash-pits  are  sometimes  found 
to  be  necessary.  The  wet  system,  although  successful 
to  a  considerable  degree,  has  the  objectionable  feature 
of  keeping  the  boilers  and  surroundings  damp  and  dis¬ 
agreeable,  and  as  a  consequence  it  has  not  met  with 
favour  among  the  engineer  officers ;  while  the  treat¬ 
ment  by  the  dry  system  has  received  universal  favour, 
and  has  been  so  successful  as  to  be  now  generally 
adopted.  New  boilers  stored  in  the  dock-yards  waiting 
to  be  placed  on  board  vessels  are,  except  in  two  instances, 
left  out  in  the  open  weather,  but  care  is  taken  to  pre¬ 
serve  them  by  paint,  and  to  keep  all  openings  and 
doors  closed. 

Ever  since  the  successful  introduction  of  the  com¬ 
pound  engine  on  the  Atlantic  Ocean,  the  desire  has 
been  to  extend  the  expansion  of  steam  beyond  the 
limits  at  which  it  is  now  worked ;  and  in  order  to  meet 
this  demand,  the  attention  of  many  engineers  has  been 
directed  toward  pro  lueing  a  safe  and  reliable  steam- 
generator,  capable  of  carrying  steam  of  100  pounds  and 
upwards  per  square  inch.  Many  plans  have  been  pro- 
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jected  and  a  number  of  them  tested  practically  at 
sea,  some  of  which  have  been  on  a  scale  of  mugnitude 
involving  large  expenditures  of  money.  Every  one  of 
these  new  types  of  boilers  that  has  been  practically 
tested  has,  up  to  this  time,  proved  a  total  failure.  In 
England  considerable  professional  as  well  as  public  in¬ 
terest  has  been  drawn  to  these  failures,  and  many 
discussions  liave  taken  place  and  numerous  papers 
appeared  on  the  subject  during  the  last  year  or  two. 
Perhaps  the  most  able  of  the  papers  referred  tc, 
and  one  which  gives  a  clear  and  full  account  of 
noted  failiH’es  at  sea,  was  produced  in  April  1876 
by  Mr.  J.  E.  Flannery.  This  paper*  so  completely 
covers  the  ground  that  I  reproduce  it  here.  It  is 
as  follows; — 

“  The  almost  universal  adoption  of  high-pressure 
steam  at  sea  has  brought  with  it  much  inconvenience, 
notwithstanding  its  great  economy  of  fuel.  The 
anxiety  attending  upon  the  construction  and  the 
working  of  the  marine  boiler  is  much  greater  now 
than  formerly,  its  first  cost  is  largely  increased,  the 
expense  of  repair  is  much  more,  and  the  duration  of  its 
life  is  much  less.  I  think  I  will  have  the  concurrence 
of  the  members  in  saying  that  one  of  the  gravest,  if  not 
the  very  gravest  and  most  important,  of  the  questions 
now  arising  in  connection  with  the  machinery  of  steam¬ 
ships  is  the  improvement  of  the  marine  boiler.  And 
not  only  does  the  present  practice  leave  much  to  be 
desired,  but  the  feeling  in  favour  of  still  higher  pressures 
is  checked  chiefly  by  the  diflSculty  of  designing  a  boiler 
which  will  sustain  them  safely  and  efficiently.  It  is  an 
axiom  laid  down  by  theory,  and  confirmed  by  practice, 
that  the  higher  the  boiler-pressure  and  the  greater  the 
ratio  of  expansion,  the  greater  is  the  economy  of  fuel. 
Theoretically  this  axiom  is  sustained  by  the  fact  that 
to  generate  steam  of  the  pressure  of  80  pounds  per 
Square  inch  about  1,190°  of  heat  are  required,  while  to 
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grenerate  steam  of  120  pounds  per  square  inch  about 
1,218°  of  heat  are  required  ;  that  is  to  say,  to  produce 
steam  of  four  times  the  boiler-pressure,  less  than 
time  the  heat  is  required.  Again,  a  boiler-pressure  of 
240  pounds  per  square  inch  requires  about  1,235°  of 
heat,  or  lyf  q  steam  at  30  pounds,  and 

contains  eight  times  the  initial  force.  Practically 
these  differences  are  so  small,  that  the  same  con¬ 
sumption  of  coal  may  be  taken  to  evaporate  the  same 
quantity  of  water,  whatever  the  pressure.  Theoreti¬ 
cally,  therefore,  we  have  only  to  increase  our  boiler- 
pressure  to  reduce  our  consumption  of  fuel,  were  it 
not  that  two  well-ascertained  considerations  inter¬ 
vene.  First,  we  have  not  hitherto  been  practically 
able  to  construct  a  boiler  which,  under  usual  con¬ 
ditions  of  steamship  requirements,  will  stand  a  pressure 
greater  than  is  now  in  use ;  and,  second,  the  heat  of 
very  highly  pressed  steam  burns  up  the  lubricant 
in  the  engine  cylinder,  quickly  destroying  the  work¬ 
ing  parts.  With  the  second  consideration,  however, 
we  have  not  now  to  deal ;  and  if  we  could  over¬ 
come  the  difficulty  of  making  a  boiler  to  bear  even 
120  pounds  with  safety,  much  improvement  would  be 
effected. 

“  To  start  from  the  beginning,  let  us  remember  that 
the  thickness  of  the  shell  of  a  cylindrical  vessel  con¬ 
taining  high-pressed  steam  must,  in  order  to  maintain 
the  necessary  strength,  be  increased  directly  in  pro¬ 
portion  to  increase  of  pressure  and  diameter,  and  that 
the  thickness  of  the  shell  may,  consistently  with  the 
strength  necessary  for  any  given  pressure,  be  reduced, 
if  its  diameter  be  also  reduced.  A  very  usual  size  for 
modern  high-pressure  cylindrical  boilers  is,  say,  12  feet 
in  diameter,  and  the  thickness  of  the  shell  of  a  boiler 
this  diameter,  double  riveted,  to  bear  a  pressure  of 
120  pounds  per  square  inch,  would  be  fully  IJ  inch. 

I  am  not  aware  of  any  examples  of  boiler-construction 
where  the  thickness  of  the  shell-plates  has  exceeded 
1;^  inch  or  If  inch,  and  it  is  almost  doubtful  if,  con- 

Q 


226 


THE  WAK-SHIPS  OF  EUEOPE. 


sidering  the  practical  difficulties  of  manufacture,  a 
perfectly  good  job  is  made  with  shell-plates  of  this 
thickness ;  at  all  events,  it  is  generally  accepted  that 
to  make  sound  workmanship  with,  a  thickness  greater 
than  this  is  practically  impossible.  On  the  other  hand, 
a  cylindrical  vessel  or  tube,  say  12  inches  in  diameter, 
may,  for  this  same  pressure  of  120  pounds  per  square 
inch,  be  made,  if  welded,  only  inch  thick,  and  still 
possess  the  same  proportionate  strength,  or  for  a 
pressure  of  150  pounds  per  square  inch,  it  would  be 
made  practically  about  ^  inch  thick,  and  this  would 
give  a  factor  of  safety  nearly  three-fourths  greater 
than  that  possessed  by  the  cylindrical  boiler-shell  12 
feet  in  diameter,  1^  inch  thick,  and  pressure  of  120 
pounds.  It  is  practically  certain,  therefore,  that  the 
limit  of  pressure  with  the  present  type  of  boiler  has 
been  reached  ;  and  when  we  consider  how  much  economy 
of  fuel  has  been  effected  by  increasing  the  pressure  to 
its  present  height,  and  how  much  more  economy  may¬ 
be  effected  by  still  further  increasing  the  pressure,  it  is 
seen  that  the  adaption  of  an  efficient  high-pressure 
marine  boiler  would  meet  a  great  and  increasing 
want. 

“  Many  look  for  the  solution  of  this  problem  to  the 
type  known  as  the  water-tube  or  tubulous  boiler  ;  that 
is,  the  system  by  which  the  cylindrical  portions  of  the 
boiler  subject  to  internal  pressure  are  reduced  in 
diameter  and  increased  in  number,  the  result  being: 
that  for  a  given  weight  of  material  a  much  higher 
pressure  of  steam  is  carried,  and,  indeed,  by  a  reduction 
of  the  necessary  thickness  of  the  shells  a  higher  press¬ 
ure  of  steam  is  carried,  and  more  economy  of  coal 
insured  than  is  possible  with  any  other  type  of  boiler. 
The  other  advantages  claimed  for  boilers  of  this  type 
are,  that  the  thinness  of  the  metal  interposed  between 
the  fire  and  the  water  enables  the  heat  to  be  conveyed 
more  efficiently  and  with  less  waste,  and  also  enables 
the  steam  to  be  raised  more  rapidly  ;  that  the  danger 
of  explosion  is  limited;  that  a  damaged  tube  can  be 
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easily  replaced ;  that  greater  strength  proportionate  to 
the  pressure  being  possible  in  first  manufacture,  the 
wear  of  the  metal  in  the  boilers  need  not,  at  a  later 
date,  enforce  reduced  pressure,  and  therefore  reduced 
speed  of  ship,  as  is  tlie  case  with  existing  types  of 
boilers.  It  is  pointed  out  also  that  where  boilers  of  the 
ordinary  type  require  renewal  the  decks  must  be  broken 
away,  whereas  the  separate  portions  of  the  tubulous 
boiler  may  be  passed  down  the  hatchway;  and,  further, 
that  a  war-ship  on  a  foreign  station  must  either  return 
home  or  to  the  nearest  dock-yard  in  the  event  of  any 
serious  wear  upon  ordinary  boilers,  but  so  many  spare 
tubes  of  the  water-tube  system  might  be  carried  as  to 
greatly  extend  the  period  of  service  upon  a  foreign 
station.” 

•  «•«••••• 

“  The  direction  of  the  flame  in  the  ordinary  boiler  is 
always  along  the  faces  of  the  heating-surfaces,  whereas 
in  the  water-tube  boiler  it  is  in  a  direction  at  right 
angles  to  them  ;  the  heating  efficiency  of  flame  striking 
the  plate  directly,  as  in  this  latter  case,  must  be  much 
greater  than  when  sliding  along  the  surface,  and  we 
see,  therefore  that  this  system  not  only  enables  thinner 
plates  conveying  the  heat  more  perfectly  to  the  water 
to  be  used,  but  also  directly  increases  the  action  of  the 
flame  itself.  Again,  the  escape  of  the  steam-bubbles 
from  the  metal  surface  upon  which  they  are  generated 
is  more  rapid  and  direct  when  that  surface  is  disposed 
horizontally.  The  condition  most  essential  to  safety 
is  beyond  doubt  good  circulation.  The  heat  to  which 
a  tube  immediately  over  a  fire  is  exposed  amounts  to 
upwards  of  2,000° ;  the  specific  heat  of  water,  or  its 
power  to  absorb  heat,  is  twice  that  of  steam,  and,  in 
addition,  the  evaporating  water  absorbs  the  latent  heat 
of  steam,  making  its  respective  power  many  times  that 
of  steam ;  there  is,  therefore,  no  difficulty  in  arriving 
at  the  conclusion  that  a  tube  of,  say,  f  inch  thickness, 
which  is  not  relieved  by  freely  circulated  water,  will 
become  hot  and  dangerous  in  a  very  few  seconds,  and  it 
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may  be  shown  that  the  absence  of  provision  for  this  good 
circulation  has  been  the  primary  cause  of  the  difficulties 
the  water-tube  boiler  has  yet  encountered.  It  is  noticed, 
on  reference  to  the  diagrams,  how  large  a  body  of  water  is 
contained  by  the  ordinary  boiler  as  compared  with  the 
volume  of  water  held  by  the  water-tube  boiler  in  propor¬ 
tion  to  their  heating  and  grate  surfaces.  The  efiect  of  this 
is  that  the  ordinary  boiler  has  a  large  reserve  of  water  at 
nearly  boiling-point,  and  is  not  therefore  exposed  to 
such  sudden  fluctuations  of  their  pressure,  with  their 
attendant  evils,  as  the  water-tube  boiler.  If  the 
strength  of  the  fires  be  suddenly  increased  in  a  water- 
tube  boiler,  a  spasmodic  rise  of  pressure,  leading  to 
accumulation  of  steam  in  the  water-chambers,  priming, 
loss  of  water,  and  overheated  tubes  takes  place,  and 
this  defect  is  quite  absent  from  the  ordinary  boilers ; 
and  not  only  so,  but  the  large  reserve  of  water  in  the 
ordinary  boiler,  the  whole  of  which  above  the  fire-bar 
level  must  be  heated  to  nearly  boiling  point,  is  the 
cause  of  a  much  more  gradual,  and,  therefore,  more 
easily-effected  circulation  of  the  water;  indeed,  the 
small  volume  of  water  is  still  further  reduced  by  the 
isolated  subdivision  of  the  parts,  each  tube  having  to 
supply,  circulate,  and  evaporate  in  a  very  independent 
manner,  and  with  little  reference  to  the  volume  of 
water  contained  by  its  neighbours.  Clearly  the  small¬ 
ness  of  tiie  contents  of  a  tubulous  boiler  is  in  some 
respects  a  serious  drawback,  although  it  is  in  other 
respects  an  advantage.  The  difficulty  of  obtaining  a 
good  circulation  is  from  the  nature  of  the  case  greater 
in  the  tubulous  boiler,  and  the  increased  friction  of  the 
water  due  to  high  pressure  adds  to  this  difficulty,  while 
at  the  same  time  it  increases  the  necessity,  and  it  is  a 
matter  for  the  earnest  consideration  of  inventors  whether 
artificial  circulation,  produced  by  subdivided  feed -inlets 
or  otherwise,  may  not  after  all  be  resorted  to.  This 
idea  has  been  expressed  to  me  by  one  of  our  most 
eminent  marine  engineers,  and  it  does  seem  that  the 
certainty  of  good  circulation  thus  obtained  would  com- 
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pensate  for  tlie  complication  of  working  parts.  One 
element  of  danger  absolutely  possessed  by  the  watei- 
tnbe  boiler,  and  not  shared  by  the  ordinary  boiler,  lies 
in  the  fact  that  the  metal  exposed  to  the  direct  action 
of  the  fire  is  at  the  same  time  subjected  to  the  tensile 
strain  of  internal  pressure.  In  the  ordinary  boiler 
the  parts  subjected  to  tensile  strain  are  not  acted  upon 
by  the  fire,  and  those  parts  acted  upon  by  the  fire  have 
the  water  surrounding  them  with  a  compressing  strain. 
Although  the  crushing  strain  of  wrouglit  iron  is  less 
than  its  tensile  strain,  the  case  in  point  of  the  fire 
playing  upon  iron  under  tension  is  more  dangerous, 
because  any  flaws  will  be  stretched  out,  the  flame  will 
penetrate  them,  and  promote  their  increase  to  bursting- 
point. 

“The  water-tube  boiler  has,  under  several  designs 
differing  in  their  details  been  extensively  used  for 
the  generation  of  steam  in  factories,  and  for  other 
stationary  purposes,  both  in  England  and  America ; 
and,  although  some  important  defects  exist  and  some 
unfortunate  failures  have  occurred,  still  it  cannot  be 
denied  that,  as  a  rule,  its  results  have  been  fairly  satis¬ 
factory.  Why,  then,  has  it  not  come  into  more  exten¬ 
sive  use  at  sea?  It  may  be  answered,  generally,  that 
the  conditions  to  be  fulfilled  on  board  ship  are  more 
stringent,  the  space  allotted  is  more  circumscribed,  and 
the  boiler  must  conform  to  its  limits,  A  less  leisurely 
and  methodical  action  is  necessary  than  in  a  machine 
used  for  stationary  purposes,  and  defects  of  little 
importance  on  land  develop  into  serious  evils  at  sea. 
We  may  best  elucidate  this  question,  however,  by  con¬ 
sidering  some  of  the  cases  in  which  the  water-tube  boiler 
has  been  tested  for  marine  purposes  and  by  analyzing  the 
cause  of  failure  in  these  cases.  Several  practical  trials 
at  sea  have  been  made,  and  the  enterprising  and  truly 
admirable  spirit  displayed  by  two  steamship  owners, 
especially,  cannot  be  too  highly  commended.  The 
gentlemen  alluded  to  are  Mr.  S.  B,  Guion,  of  Liver¬ 
pool,  the  managing  owner  of  the  steamship  Montana, 
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and  Mr.  W.  H.  Dixon,  of  Liverpool,  the  owner  of  the 
steamship  Propontis.  The  examples  in  these  vessels 
being  the  most  recent  and  by  far  the  most  important 
trials  of  the  water-tube  system,  I  propose  to  ask  your 
attention  to  them  first. 

“  The  Montana  is  a  steamship  of  more  than  4,000 
tons,  and  was  built  for  service  on  the  Guion  line 
between  Liverpool  and  New  York.  Among  other  in¬ 
novations,  she  was  fitted  by  Messrs.  Palmer,  of  Jarrow- 
on-Tyne,  with  boilers  intended  to  work  at  100  pounds 
pressure,  and  it  was  anticipated  that  the  economy 
of  fuel  would  be  very  great.  Figs.  1  and  2  will 
convey  a  good  idea  of  the  nature  of  the  design. 
Each  boiler  was  composed  of  tubes  15  inches  in  dia¬ 
meter  and  15  feet  long,  sealed  at  the  ends,  but  com¬ 
municating  with  each  other  by  vertical  necks  about 
6^  inches  in  diameter.  There  were  five  horizontal,  or 
nearly  horizontal,  rows  of  these  tubes  in  each  boiler, 
and  each  row  contained  seven  tubes.  Noticing  the 
profile,  it  will  be  seen  that,  to  carry  off  the  steam  gene¬ 
rated  and  to  promote  the  circulation  of  the  water,  each 
horizontal  tube  was  supplied  with  two  necks.  As  the 
steam  must  all  rise  to  the  top,  the  necks  between  the 
bottom  tube  and  the  one  immediately  above  must  take 
up  the  steam  generated  in  the  bottom  tube  ;  the  neck 
between  the  second  row  from  the  bottom  and  the  one 
immediately  above  it  must  take  not  only  the  steam 
generated  in  the  second,  but  also  that  in  the  first  row 
and  so  on,  the  neck  nearest  the  top  having  to  convey 
the  steam  generated  in  the  whole  of  the  tiers  of  tubes 
below  it.  In  addition  to  these  tubes,  there  are  in  the 
uptake  three  steam  reservoirs  or  superheaters  3  feet  in 
diameter.  In  designing  tlie  boiler,  the  two  vertical 
rows  of  tubes  nearest  the  fire-door  were  set  apart  for 
the  purpose  of  heating  the  feed-water,  and  the  six  other 
vertical  rows  of  tubes  farthest  from  the  fire-door  were 
set  apart  to  generate  steam  from  the  feed-water  so 
heated.  In  accordance  with  the  duty  thus  assigned  to 
them,  the  two  rows  of  tubes  vertically  nearest  the  fire- 
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door  had  the  feed-pipes  connected  to  them  at  the  top 
and  had  small  pipes  only  ^  inch  in  diameter  fitted  also 
at  the  top,  to  carry  away  any  steam  which  might 
happen  to  be  generated.  It  was,  of  course,  expected 
that  the  current  of  the  feed-water  passing  through 
these  two  feed-heating  sections  would  be  so  rapid  and 
that  the  fire  under  them  would  be  so  much  less  vivid 
nearest  to  the  dead-plate  that  the  water  could  not, 
while  in  them,  absorb  sufficient  heat  to  evaporate.  The 
water  was  delivered  from  these  feed-heating  sections 
into  a  large  feed-water  chamber,  which  supplied  the 
other  sections.  The  two  sections  designed  as  feed- 
heaters  are  so  called,  though  as  a  matter  of  fact  they 
were  not  feed-heaters  only,  but  calculated  to  generate 
steam  nearly  as  much  as  any  of  the  other  tubes  in  the 
boiler,  and  the  steam  had  really  no  outlet,  because  the 
|-inch  pipe  provided  for  the  purpose  was  so  small  as  to 
be  practically  useless.  The  natural  action  of  the  steam 
generated  in  these  sections  was,  therefore,  to  rise  to  the 
top  tubes,  to  accumulate  there,  and  to  depress  the  level 
of  the  water,  driving  it  out  through  the  bottom  pipes 
from  all  that  vertical  section  of  tubes,  and  finally  ex¬ 
posing  to  the  direct  action  of  the  fire  a  bottom  tube  filled 
only  with  steam  or  steam  and  a  small  quantity  of  water. 
This  is  exactly  what  did  take  place,  and,  on  the  first 
trial-passage  of  the  vessel  from  the  Tyne  toward  the 
Mersey,  five  of  the  tubes  burst.  These  tubes  were  all 
situated  in  corresponding  places  in  the  different  boilers ; 
that  is,  the  lowest  tube  in  the  inner  feed-heating  section. 
After  this  experience,  the  connections  were  altered  so 
as  to  join  this  inner  feed  section  to  the  rest  of  the 
steam-generating  part  of  the  boiler,  leaving  the  outer 
vertical  row  only  to  act  as  a  feed-heater.  For  gome  few 
hours  tills  arrangement  gave  promise  of  better  success ; 
but,  after  a  day  and  a  half’s  working,  two  more  tubes, 
one  of  them  the  fourth  from  the  front  in  the  bottom 
row,  gave  way  ;  and  the  owners,  completely  discouraged 
by  tliese  failures,  and  taking  into  consideration  also  the 
fact  that  the  boilers  were  heavier  and  more  bulky  than 
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boilers  of  the  same  power  of  the  ordinary  kind,  decided 
to  condemn  them  and  replace  them  by  ordinary  cylin¬ 
drical  boilers.  The  cause  of  the  failure  of  the 
sections  devoted  to  feed-water  heating  appears  suffi¬ 
ciently  obvious,  and  as  the  separation  of  these  sections 
was  a  special  feature  in  this  example,  and  is  not  likely 
to  be  repeated  in  other  water-tube  boilers,  we  may  dis¬ 
miss  it  from  further  consideration.  But  the  bursting 
of  the  other  tubes  is  more  serious,  and  appears  to  more 
closely  affect  the  general  principle  of  water-tube 
boilers.  A  very  able  article,  from  which  some  of  the 
particulars  given  above  have  been  drawn  appeared  in 
the  Nautical  Magazine  on  the  subject  of  the  Montanas 
boilers,  and  it  is  there  suggested  that  the  cause  of  the 
explosion  of  the  inner  tube  on  the  bottom  row  was  the 
absence  of  a  sufficiently  large  steam  connection  between 
the  top  or  steam-holding  chambers  to  counteract  the 
inequality  of  pressure  in  them.  It  will  be  noted  that 
the  feed-pipes  for  all  the  sections  are  common  to  one 
feed-water  chamber,  and,  supposing  any  inequality  of 
steam-pressure  to  exist,  the  water  would,  of  course,  be 
forced  from  the  chamber  containing  the  highest  pressure 
to  those  containing  a  lower  pressure.  The  steam-pipes 
connecting  the  upper  chambers  were  2  inches  in  dia¬ 
meter,  and  the  area  of  the  fire-grate  under  each  section 
was  about  7|  square  feet.  A  very  simple  calculation 
shows  that  these  2-inch  pipes  were  very  small,  if  any 
large  difference  in  pressure  was  to  equalised.  Another 
explanation,  and  one  which  appears  quite  reasonable, 
was  advanced  by  Mr.  John  Watt ;  he  calculates  that 
the  grate-surface,  7 ‘75  feet,  acting  upon  the  water  in 
each  bottom  tube,  is  equal  to  the  evaporation  of  12'83 
pounds  of  w'ater,  or  78  cubic  feet  of  steam  at  50  pounds 
pressure  per  minute.  Now,  the  only  orifices  through 
which  this  quantity  of  steam  may  escape  are  the  before- 
mentioned  pair  of  6J-iuch  vertical  necks,  which  have 
each  an  area  of  33T8  square  inches;  one  of  these 
would  probably  be  a  downcast  for  the  water,  and  the 
other,  at  the  higher  level,  being  an  upcast  for  the  steam. 
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the  steam  would  therefore  rush  through  this  neck  at 
the  rate  of  nearly  340  feet  per  minute,  a  speed  so  great 
that  the  assumption  that  the  steam  would  drag  the 
water  upward  from  the  bottom  tubes,  leaving  them 
exposed  to  the  fire,  does  not  seem  exaggerated.  Which¬ 
ever  of  these  explanations  be  correct,  it  is  evident  in 
the  light  of  the  experience  now  gained  that  the  failure 
of  these  tubes  in  the  Montanas  boilers  proceeded  from 
easily  preventable  causes,  because  in  a  future  design  the 
feed-water  arrangement  could  be  omitted,  and  the  steam 
connections  to  equalise  the  pressure  in  the  different 
sections  could  be  enlarged,  the  vertical  necks  for  the 
escape  of  the  steam  could  be  much  increased  in  area, 
and  it  is  possible  that  if  these  alterations  had  been 
effected  upon  the  Montana,  a  result  approachiug  success 
would  have  been  obtained.  Indeed  it  was  most  unfor¬ 
tunate,  in  the  interests  of  science,  that  no  further 
experiments  were  made  with  this  vessel;  she  was  con¬ 
demned  after  a  series  of  trials  extending  altogether 
over  not  more  than  five  or  six  days. 

“  The  Propontis  is  a  steamer  of  about  2,000  tons, 
belonging  to  Mr.  W.  H.  Dixon,  of  Liverpool.  In  1874 
she  was  fitted  by  Messrs.  John  Elder  &•  Co.  with 
boilers  on  the  water-tube  principle,  under  Kowan  (fc 
Horton’s  patent.  .  .  .  They  are  four  in  number, 

having  one  chimney,  and  each  boiler  consists  of  seven 
horizontal  cylindrical  vessels,  connected  together  by 
vertical  tubes  12  inches  in  diameter,  supplemented  by 
numerous  pipes  2^  inches  in  diameter ;  the  space  for 
steam  in  the  upper  vessels  being  increased  by  four 
diagonal  domes.  To  further  guard  against  priming, 
tubes  are  carried  directly  from  the  steam-dome  down 
to  the  lowest  vessels,  so  that  any  water  carried  up  by 
the  steam  will  be  broken  from  it  in  the  upper  chamber 
and  fall  down  again  to  the  lowest  level ;  the  feed  is 
also  delivered  at  the  bottom  chambers.  Baffle-plates 
are  fitted  to  circulate  the  flame  among  the  tubes.  .  .  . 
The  lower  or  water  chambers  were  connected,  but  no 
connection  was  made  between  the  upper  or  steam 
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chambers  ;  the  importance  of  this  omission  is  obvious, 
and  was  discovered  in  the  working  of  the  boilers,  as 
will  be  seen,  further  on.  The  working-pressure  intended 
w'as  1 50  pounds.  While  the  defects  in  the  boilers  of 
the  Montana  exhibited  themselves  after  a  very  few 
hours’  work,  the  boilers  of  the  Propontis  continued 
their  promise  of  success  for  a  much  longer  period,  and, 
indeed,  were  exhaustively  tested  at  sea  for  a  time 
extending  over  several  months.  The  first  voyage  of 
the  Propontis  was  from  Liverpool  to  the  Black  Sea  and 
back,  and  very  careful  observations  of  the  working 
of  the  boilers  were  made.  The  consumption  of  coal, 
taken  during  a  run  of  10  hours,  was  1‘54  pound  per 
indicated  horse-power  per  hour ;  the  pressure  of  steam 
being  easily  maintained  at  130  pounds  to  140  pounds. 
It  is  by  no  means  certain  that  the  full  advantage  of 
the  Propontis' s  boilers  in  point  of  economy  is  repre¬ 
sented  by  the  above  figures,  because  the  baffle-plates  lor 
the  deflection  of  the  flame  were  not  arranged  just  in 
the  way  that  experience  afterward  showed  they  should 
be  arranged,  and  consequently  much  unconsumed  gas 
escajied  up  the  chimney.  So  far  the  career  of  the 
tubulous  boiler  in  this  ship  was  fairly  satisfactory  and 
sufficiently  promising;  but  before  long,  evils,  which 
had  been  gradually  accumulating,  developed  them¬ 
selves  in  an  unpleasantly  conspicuous  manner.  .  .  . 
Some  of  the  smaller-sized  vertical  tubes  terminate  in 
S  bends  at  the  points  where  they  join  the  horizontal 
vessels.  The  peculiarity  of  this  bend  rendered  it 
impossible  to  clean  the  tubes  from  scale,  so  that  salt¬ 
water  could  not  be  used  ;  indeed,  precautions  of  an 
unusually  perfect  character  were  taken  to  admit  pure 
distilled  water  only  to  the  boiler,  and  the  action  of  this 
distilled  water,  unmixed  with  any  salt,  was  just  what 
might  have  been  expected;  a  corrosive  action  was  set 
up  in  the  tubes;  some  parts  of  the  internal  surface 
were  quite  untouched,  wliile  other  parts  close  to  them 
were  perforated  by  circular  blotches  of  corrosion  of 
^  inch  to  inch  diameter.  These  were  continually 
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giving  out,  allowing  tlie  steam  and  water  to  escape 
upon  the  fires.  The  defects  were  temporarily  remedied 
by  drawing  the  fires  and  binding  a  ligature  round  the 
injured  tube  over  the  hole ;  and  these  little  explosions 
were  of  such  frequent  occurrence  that  one  of  the  four 
boilers  was  almost  constantly  disconnected. 

“In  the  early  part  of  1875  the  boilers  underwent  a 
thorough  repair,  being  su])piied  with  some  300  new 
tubes,  and  w^ere  tested  by  water  pressure  to  275  pounds. 
After  this  a  small  quantity  of  sea-water  was  allowed 
to  enter  the  boilers  to  make  up  the  waste,  and  after 
completing  another  voyage  to  and  from  the  Levant, 
her  boilers  were  opened  up  and  found  to  be  coated 
with  a  slight  scale.  In  September  of  last  year  she 
commenced  another  voyage,  but  on  the  third  or  fourth 
day  the  wing-chamber  of  the  forward  starboard  boiler 
burst,  injuring  two  men,  the  pressure  at  the  time  being 
150  pounds.  The  rent  was  nearly  2  feet  long,  and  was 
in  the  solid  plate  near  the  lower  side  of  the  tube,  and 
about  its  middle  length.  At  Lisbon  this  was  repaired 
by  riveting  a  patch  f  inch  thick.  Leaving  Lisbon,  she 
had  been  but  a  very  few  days  out  before  another 
explosion  took  place,  the  pressure  at  the  time  being 
only  105  pounds.  The  fracture  was  in  the  wing- 
chamber  of  the  s  arboard  after  boiler,  and  was  again  in 
the  solid  plate,  at  the  lower  side  of  the  chamber ;  the 
rent  measured  12  inches  by  7  inches.  The  diameters 
of  the  tubes  which  gave  way  were  21  inches,  the  plate 
I  inch  thick,  and  the  bursting  pressure  of  this  would 
be  1,200  pounds,  provided  the  plate  were  cool  and  un¬ 
injured.  Putting  into  Algiers,  the  boilers  underwent 
an  inspection  by  French  engineers,  and,  in  accordance 
with  their  advice,  the  furnaces  were  partially  bricked 
up  and  the  pressure  reduced  to  60  pounds.  It  may  be 
liere  remarked  that  the  opinion  of  the  French  engineers 
that  a  reduction  of  pressure  meant,  in  the  case  of  these 
boilers,  greater  safety,  was  very  questionable.  It  may 
be  a  paradox  to  say  that  the  lower  the  pressure  the 
greater  the  danger,  but  in  the  case  of  water- tube 
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boilers,  under  certian  conditions,  that  is  the  fact.  Let 
us  remember  that  a  cubic  inch  of  water  will  make  a 
cubic  foot  of  steam  of  the  same  tension  as  the  atmos¬ 
phere,  and  that  the  greater  the  pressure  the  less  is  the 
bulk  of  any  given  quantity,  say  a  pound  weight  of 
steam.  Now,  as  the  power  of  a  boiler  may  be  measured 
by  the  number  of  pounds  weight  of  steam  that  it 
evaporates,  the  Propontis  boiler  would  evaporate  no 
really  greater  quantity  of  steam  at  60  pounds  pressure 
than  it  could  evaporate  at  150  pounds  pressure;  but 
whatever  steam  it  did  evaporate  would  at  60  pounds 
pressure  occupy  more  than  twice  the  space  it  would 
occupy  if  at  150  pounds  pressure.  Again,  evaporation 
cannot  take  place  without  circulation,  and  circulation 
is  the  mutual  changing  places  of  the  steam  as  it  is 
generated  and  the  water  about  to  be  evaporated ;  if, 
therefore,  the  steam  occupies  twice  the  volume,  then 
there  will  be  twice  the  space  for  it  to  travel  through  to 
circulate  or  cliange  places  with  the  new  water  ;  and,  as 
one  dangerous  defect  in  the  Propontis  was  insufficient 
circulation,  it  is  seen  that  by  lowering  the  pressure  the 
French  consulting  engineers  may  not  at  all  have  in¬ 
creased  the  safety  of  the  boiler.  It  is  a  most  inter¬ 
esting  investigation,  but  one  which  I  fear  can  only  be 
conducted  practically  to  learn  how  far  the  increased 
friction,  varying  directly  as  the  pressure,  compensates 
for  the  decreased  volume  of  the  evaporating  steam. 
The  vessel  was  towed  from  Algiers  to  Gibraltar,  and 
then  the  extra  fire-bricks  were  taken  out,  a  baffie-plate 
between  the  chambers  and  the  fires  was  fitted,  and 
test-cocks  were  placed  on  each  water-chamber.  Under 
the  protection  of  the  baffle-plates,  and  the  careful 
watching  of  the  water-level  made  possible  by  the  test- 
cocks,  the  vessel  steamed  home  with  three  boilers. 

“  Upon  final  examination  it  was  found  that  the  vertical 
tubes  were  bulged  and  distorted  in  several  places,  and 
all  the  horizontal  tubes  exposed  to  the  direct  action  of 
the  fire  were  more  or  less  bulged  upon  their  lower 
sides,  thus  affording  clear  evidence  that  in  most  of  the 


MAEINE  BOILERS. 


237 


water- chambers  of  the  boiler  steam  was  sometimes 
collected.  These  bulgings  or  partial  injuries  to  the 
boiler  evidently  arose  from  defective  circulation,  and 
the  bursting  or  more  serious  injuries  were  the  result  of 
tbe  unequal  pressure  of  steam  in  different  sections. 
There  >vas  no  pipe  connecting  the  steam-chambers  of 
the  two  boilers,  and  although  the  steam-chambers  were 
not  connected,  the  w'ater-chambers  were,  so  that  any 
increase  of  steam-pressure  in  one  boiler  simply  had  the 
effect  of  driving  the  water  out  of  its  own  chamber  into 
the  other  boiler.  Not  only  was  the  unprotected  plate 
exposed  to  the  fire,  but  the  abnormal  increase  in  the 
water-level  of  one  chamber  held  out  every  inducement 
to  priming.  This  serious  structural  omission  explains 
the  bursting  due  to  overheating,  and  at  the  same  time 
the  priming  wliich  occurred.  It  is  very  remarkable 
that  the  partial  absence  of  a  similar  pipe  contributed 
to  the  failure  of  the  boilers  of  the  Montana.  It  has 
been  suggested  that  the  bursting  of  the  tubes  in  the 
Propontis  arose  not  so  much  from  defective  circulation 
of  the  water  as  from  corrosion  and  consequent  weaken¬ 
ing  of  the  f)lates ;  this  is  the  fact  as  regards  the  small 
circular  perforations,  but  the  same  explanation  does  not 
apply  to  the  longitudinal  rents,  and  is  not  borne  out 
by  an  examination  into  the  character  of  the  larger 
fractures.  The  longitudinal  rents  which  caused  the 
loss  of  life  occurred  in  portions  of  the  tubes  practically 
uninjured  by  corrosion,  and  it  was  found  that  the  frac¬ 
ture  showed  only  a  slightly  reduced  thickness  of  metal, 
and  that  at  a  distance  of  about  1  inch  from  the  lip  of 
the  rent  the  plates  resumed  their  original  thickness. 
The  bursting-pressure  of  the  rent  tube  was,  as  already 
stated,  1.200  pounds  per  square  inch,  and  the  uncor¬ 
roded  appearance  of  the  fractured  portions  points  to 
the  conclusion  that  defective  circulation  and  overheat¬ 
ing  caused  the  explosion.  The  plates,  if  hot,  would 
stretch  a  little  before  giving  way,  and  the  confined 
space  over  which  the  thinness  extends  seems  to  show 
that  it  should  be  traced  to  stretching  only. 
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“  The  BirJcenhead  is  one  of  the  large  passenger  ferry- 
steamers  running  between  Liverpool  and  Birkenhead. 
She  was  built  in  1872,  and  fitted  by  the  Patent  Steam- 
Boiler  Company,  Birmingham,  with  tubulous  boilers  on 
Boot’s  patent.  The  boilers  .  .  .  were  each  divided 

into  fifteen  sections,  each  section  consisting  of  eight 
horizontally-inclined  tubes  11  feet  long  by  b  inches  in 
diameter ;  these  tubes  were  at  the  ends  connected  to 
small  cellular-  vessels.  Communication  between  these 
vessels  in  their  respective  horizontal  tiers  was  effected 
by  bent  pipes  bolted  to  them.  ...  The  working 
pressure  was  40  pounds,  although  in  designing  the 
boiler  the  pressure  was  intended  to  be  60  pounds.  .  .  . 
It  is  only  fair  to  the  manufacturers  to  say  that  they 
laboured  under  the  diflSculty  of  very  confined  head- 
room  ;  these  vessels  are  of  limited  draught,  and  as  a 
flush-deck  is  necessary  for  the  passenger  traffic,  the 
vertical  space  at  the  disposal  of  the  designer  was  quite 
insufficient  to  give  boilers  of  this  type  a  fair  chance  of 
success.  The  boilers  were,  for  the  first  few  months  of 
their  existence,  worked  with  impure  water,  and  con¬ 
siderable  trouble  from  overheated  tubes  was  the 
consequence.  A  fresh  -  water  tank  was  afterwar  Is 
fitted,  and  with  an  improved  result,  but  still  it  was 
found  that  the  tubes  in  the  bottom  row  were  coutinuallv 
bulging  and  giving  out  frotn  overheating,  and  the  vessel 
was  frequently  off  duty  for  repair.  Tlie  exit  of  the 
steam  was  no  doubt  retarded  by  the  turnings  and 
counter  -  turnings  it  underwent  before  reaphing  ti>e 
surface.  The  greater  vertical  distance  through  which 
the  steam  rises  from  the  surface  of  the  water  before 
rushing  to  the  engine,  the  less  is  the  tendency  to  carry 
water  away  with  it,  not  only  because  there  is  more  time 
given  for  the  water  to  fall  back  from  the  ascending 
steam,  but  because  the  pull  caused  by  each  sti'oke  of 
the  engine  is  less  severely  felt  at  the  bottom  tubes  if 
they  are  some  distance  below  the  steam  outlet.” 

“In  this  design  a  very  small  height  was  between  the 
stop-valve  and  the  bottom  tubes,  and  the  engines  being 
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paddle-engines  with  large  cylinders  and  slow  stroke, 
there  is  no  doubt  that  the  tendency  of  the  water  to 
forsake  the  bottom  tubes  was  greatly  enhanced  from 
this  cause,  although  primarily  due  to  imperfect  circu¬ 
lation.  This  defect  would  also  be  increased  by  the 
stoppages  and  the  lying-to  of  the  vessel  in  her  work 
as  a  ferry-steamer  allowing  accumulations  of  the  steam- 
pressure.  Not  only  so,  but  the  deficient  room  rendered 
it  impossible  to  get  in  so  much  boiler-power  as  was 
afterwards  thought  necessary,  and  the  manufacturers 
allege  that  consequent  forcing  of  the  fire  contributed  in 
no  small  degree  to  the  failure  of  the  tubes.  The  sister 
ships  to  the  Birkenhead,  working  on  the  same  station 
and  with  very  similar  engines,  but  boilers  of  the  ordi¬ 
nary  type,  offered  an  excellent  standard  of  the  average 
consumption  of  coal,  and  the  saving  in  the  Birkenhead, 
by  comparison  with  one  of  the  boats,  amounted 'to  17 
per  cent.,  and  by  comparison  with  the  other,do  25  per 
cent.  This  result  is  the  more  remarkable  when  it  is 
remembered  that  the  pressure  was  only  40  pounds,  and 
that  the  expansion  in  the  engines  of  the  Birkenhead 
could  not  be  greater  than  in  the  sister  ships ;  the  com¬ 
parative  economy  was  therefore  entirely  due  to  the 
more  effective  arrangement  of  the  parts,  the  thinness 
of  the  metal  in  the  tubes,  and  the  direct  action  of  the 
flame  upon  them  favouring  the  evaporation ;  had  the 
pressure  been  higher  and  the  expansion  greater,  the 
economy  would  no  doubt  have  been  largely  increased. 
Notwithstanding  the  excellent  result  in  point  of  eco¬ 
nomy,  the  ferry  management  condemned  the  boilers 
after  nearly  three  years’  work,  on  account  of  the  con¬ 
tinual  breakdowns,  and  the  vessel  is  now  fitted  with 
boilers  of  the  ordinary  type  made  by  Messrs.  James 
Taylor  &  Co.  The  cause  of  the  comparative  failure  of 
these  boilers  has  already  been  indicated ;  the  twisted 
passages  for  the  exit  of  the  steani  and  the  low  vertical 
height,  added  to  heavy  firing,  caused  the  bottom  tubes 
to  be  occasionally  full  of  steam,  and  being  exposed  to 
the  full  action  of  the  fire  they  were  quickly  destroyed. 
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“  Another  vessel  fitted  with  boilers  on  a  Boot’s 
patent,  and  of  a  very  similar  design,  but  still  more  con¬ 
tracted  passages  for  circulation,  was  the  steamship  Malta, 
of  2,000  tons,  belonging  to  the  Merchants’  Trading  Com¬ 
pany,  Liverpool.  They  were  in  this  case  found  to  give 
off  steam  with  great  rapidity,  and  steam  could  be  raised 
in  them  in  about  half  the  time  necessary  in  boilers  of 
tlie  ordinary  type.  The  working  pressure  was  50 
pounds.  The  boilers  went  on  about  twelve  months, 
during  which  time  the  vessel  visited  the  Mediterranean 
and  the  Baltic.  Yery  little  priming  took  place,  but 
the  same  defect  as  in  the  other  cases  developed  itself, 
the  circulation  of  the  water  was  insufficient,  some  of 
the  bottom  tubes  nearest  the  fire  bulged  and  gave  out, 
and  the  boilers  were  finally  taken  out  to  convert  the 
vessel  into  a  sailing-ship.  The  engines  were  very  old 
before  the  Boot  boiler  was  fitted,  and  their  worn-out 
condition  contributed  to  the  owners’  decision  to  alter 
the  vessel.  I  am  informed  that  many  of  these  Boot 
boilers,  of  the  same  manufacture,  are  working  success¬ 
fully  on  land,  and  where  large  space  may  be  given  and 
leisurely  delivery  of  the  steam  is  possible,  they  have 
been  found  highly  successful.” 

•  •••••*•• 

“  Boilers  were  fitted  to  the  steamships  Amalia  and 
Palm  under  Bamsden’s  patent.  These  boilers  worked 
very  satisfactorily  for  about  four  years,  but  at  the  end 
of  that  time  it  was  found  that  the  construction  of  the 
boilers  not  fully  providing  means  for  the  removal  of 
the  incrustation,  the  plates  had  seriously  deteriorated, 
and  the  boilers  ivere  consequently  removed. 

“  Trials  were  made  of  the  Howard  patent  safety  boiler 
in  the  steamships  Fairy  Bell,  Meredith,  and  Marc 
Antony.  These  boilers  were  all  constructed  about  the 
same  date,  1870.  Their  working  on  board  ship  in  all 
these  cases  was  quite  unsatisfactory  ;  the  lower  tubes 
burst,  others  leaked,  and  very  great  priming  took  place. 
These  results  were  traced  to  the  same  general  causes 
that  led  to  the  difficulties  experiencid  with  the  Birhen- 
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head  and  Malta,  and  it  is  unnecessary  to  discuss  them 
in  detail. 

“After  discussing  so  many  failures  of  the  water-tube 
system,  I  cannot  close  this  paper  without  describing 
the  most  recent  working  example  of  the  tubulous  boiler 
for  marine  purposes.  One  of  the  earliest  advocates  of 
the  tubulous  boiler  is  Mr.  John  Watt,  of  Birkenhead,  and 
his  system  is  shown  on  the  diagram  at  page  242,  which 
represents  the  boiler  of  the  steam-flat  Gertrude.  ‘  The 
boiler  consists  of  a  series  of  inclined  tubes  connected  at 
their  ends  to  rectangular  water-chambers.  To  the  top 
of  the  chamber  is  connected  a  steam-receiver,  from 
wlience  the  steam  is  taken  to  the  engines.  The  rectan¬ 
gular  chambers  are  stayed  like  the  ordinary  locomotive 
fire-box,  by  means  of  stays  tlirough  the  door  and  tube- 
plates,  one  end  of  each  stay  being  left  sufficiently  long 
to  enable  the  tube-doors  to  be  secured.  The  tubes  are 
in  diagonal  rows,  and  the  course  of  the  flame  is  in  a 
zigzag  direction  among  them.’  A  very  brief  con¬ 
sideration  of  the  natural  action  of  the  steam  and  water 
in  this  boiler  will  show  that  it  possesses  features 
superior  to  some  of  the  boilers  already  described.  As 
the  steam  is  generated  in  the  tubes,  the  angle  at  which 
they  are  inclined  will  facilitate  its  ascent  to  the  upper 
rectangular  water-space  B,  and  once  there,  its  ascent  to 
the  steam-receiver  is  easy  and  certain,  its  upper  passage 
being  unobstructed ;  at  the  same  time  the  water  to  take 
the  place  of  the  steam  generated  contained  in  the  lower 
rectangular  chamber  A  will,  by  a  natural  action,  ascend 
from  it,  and  so  a  good  circulation  is  secured.  The 
necessary  feature  in  a  boiler  of  this  arrangement  is  a 
separate  outlet  for  the  steam  and  a  separate  inlet  for 
the  circulating  water ;  any  contention  between  the 
ascending  steam  and  the  descending  water  must  be 
fatal. 

“The  shorter  and  wider  the  tubes  are  made  the  greater 
will  be  their  safety,  because  the  amount  of  evaporation 
will  vary  as  the  heating  surface  of  the  tube.  Now  the 
surface  of  the  tube  increases  directly  as  the  diameter, 
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but  tbe  volume  contained  increases  as  tlie  square  of  the 
diameter,  and  this  fact  goes  far  to  explain  the  danger 
of  long  narrow  tubes,  the  length  still  further  increasing 
the  difficulty  of  the  exit  of  the  steam.  In  the  case  of 
the  Propontis,  some  of  the  smaller  vertical  pipes  were  so 
far  attenuated  as  to  be  8  feet  long  and  2^  inches  in 
diameter.  I  am  informed  that  the  Gertrudes  boiler 
has  worked  for  some  months,  and  with  so  perfect  a  cir¬ 
culation  that  no  deposit  or  scale  has  been  formed, 
although  partially  salt  water  is  used,  and  the  engine  is 
not  fitted  with  a  surface-condenser.  Another  design, 
strongly  advocated  by  the  inventor,  is  that  of  Mr. 
Wigzell.  .  .  .  This  is  a  compromise  between  the 
tubiilous  boiler  and  the  boiler  of  ordinary  type ;  the 
flame  will  surround  the  inclined  cylinders,  and  the 
other  cylinders  being  perforated  with  tubes,  it  will  pass 
through  these  on  its  way  to  the  chimney,  its  exit 
through  them  being  made  compulsory  by  blocking  up 
the  outer  spaces  between  the  cylinders  by  diaphragm 
plates.  No  boilers  of  this  design  have  yet  been  tried 
at  sea,  though  the  inventor  assures  me  that  most  satis¬ 
factory  results  are  obtained  by  its  use  for  land  purposes. 

“  We  set  out  with  the  statement  that,  so  far  as  present 
lights  enable  us  to  judge  greater  economy  in  the  use  of 
coal  at  sea  can  only  be  obtained  by  increased  boiler- 
pressure  ;  that  cylindrical  vessels  of  small  diameter  are 
the  only  practical  generators  of  high-pressure  steam ; 
that  up  to  the  present  time  no  water-tube  boiler  on  a 
large  scale  has  given  perfectly  satisfactory  results  at 
sea ;  and  that  the  practical  trials  already  made  are 
in  themselves  sufficient  to  teach  useful  lessons,  and 
perhaps  to  indicate  to  some  extent  the  practice  of  the 
future.  If  there  is  some  specific  feature  in  the  design 
of  the  boilers  of  the  above-mentioned  ships  which  is 
<!ommon  to  them  all,  and  has  contributed  to  their 
failure,  then  a  valuabie  lesson  will  have  been  drawn 
from  them.  Insufficient  circulation  of  the  water  has 
been  more  or  less  a  characteristic  of  the  above  cases, 
and  to  get  at  the  root  of  the  matter  it  is  necessary  to 
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discover  why  the  circulation  has  been  insufficient.  In 
the  ordinary  boiler  the  reservoir  for  steam  is  vertically 
above  the  surface  upon  which  it  is  generated,  and  no 
obstruction  to  its  ascent  is  offered  except  the  friction 
through  the  superincumbent  water.  Looking  at  the 
diagrams,  it  will  be  seen  that  the  steam  generated  at 
certain  portions  of  the  boiler  surface,  in  all  the 
examples  of  water-tube  boilers,  must  travel  a  greater 
or  less  distance  horizontally,  or  nearly  horizontally, 
before  it  can  make  its  movement  in  a  vertical  direction, 
and  in  some  of  the  cases  the  steam  encounters  repeated 
obstructions  to  the  horizontal  deviations  from  its  con¬ 
tinued  ascent  through  the  water.  No  difficulty  of  this 
kind  is  to  be  found  in  the  ordinary  marine  boiler ;  the 
steam  as  it  is  generated  ascends  by  a  free  and  natural 
action  through  an  unobstructed  body  of  water,  and  it 
is  only  when  steam  can  move  in  a  vertical  or  nearly 
vertical  direction  that  it  has  any  tendency  to  circulation 
at  all.  To  design  a  boiler  in  such  a  manner  that  the 
steam  shall  move  in  a  horizontal  direction  for  ever  so 
short  a  distance,  is  to  lay  down  a  wrong  principle, 
because  the  horizontal  movement  can  only  be  borrowed 
from  the  force  developed  in  those  particles  of  steam 
which  are  ascending,  and  which  jostle,  so  to  speak,  their 
neighbours  along  the  horizontal  portion  of  their  journey. 
Now,  the  greatest  obstruction  to  circulation  at  high 
pressures,  apart  from  the  arrangement  of  the  tubes,  is 
the  great  friction.  An  arrangement  which  at  a  lower 
pressure  would  give  fairly  good  results  will  quite  refuse 
to  produce  proper  circulation  when  the  friction  is 
seriously  increased  by  high  pressure,  and  it  is  evident 
that  a  high-pressure  water-tube  boiler  must,  if  it  does 
not  depend  on  artificial  circulation,  have  no  portion  of 
its  interior  so  arranged  that  a  horizontal  flow  of  the 
steam  through  the  water  is  necessary.  The  features 
which  the  successful  marine  high-pressure  boiler  must 
possess  are,  a  clear  vertical  lead  for  the  steam  as  it  is 
generated,  separate  downcasts  for  the  water  and  upcasts 
for  the  steam,  and  accessibility  for  the  removal  of  in- 
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crustation.  Wliether  the  designs  introduced,  but  not 
yet  fully  tested,  may  be  found  to  give  better  results 
than  some  of  those  we  have  named  is  a  problem  yet  to 
be  solved. 

“  I  have  to  express  my  thanks  to  the  various  manufac¬ 
turers  and  other  gentlemen  who  have  assisted  in  the 
preparation  of  this  paper  ;  and  having  briefly  reviewed 
some  of  the  principal  experiments  already  made  at  sea 
with  the  tubulous  boiler,  it  remains  to  say  that  the 
Admiralty  is  now  engaged  in  atrial  of  the high-pressui’e 
boiler  on  Perkins’s  system,  and  no  doubt  the  results  will 
in  due  time  become  generally  known. 

“  So  far  as  we  may  now  judge,  it  does  appear  that  the 
water-tube  boiler,  designed  scientifically  and  in  accord¬ 
ance  with  the  experience  the  past  failures  have  taught, 
holds  out  prospect  of  much  more  satisfactory  and  pro¬ 
fitable  work  than  has  yet  been  obtained  by  its  use  at 
sea.” 

The  most  extensive  and  costly  of  the  boiler  experi¬ 
ments  represented  in  the  foregoing  paper  was  the  one 
made  by  the  Guion  line  of  steamers.  In  addition  to 
the  boilers  fitted  on  board  the  steamship  Montana  and 
tested  at  sea,  the  Dakota,  a  sister  ship,  was  also  fitted 
with  the  same  kind  of  boilers,  and  although  the  boilers 
in  this  ship  were  not  quite  completed  when  those  in  the 
Montana  were  condemned,  they  too  were  at  the  same 
time  condemned  to  the  scrap-heap.  The  cost  of  the 
boilers  for  each  of  these  ships  was  £36,000,  and  it  is  be¬ 
lieved  that  the  total  cost  to  the  company  for  this  experi¬ 
ment  has  not  been  less  than  £91,000.  It  has  been 
estimated  that,  during  the  last  seven  years  the  total  cost 
in  Great  Britain  resulting  from  the  failures  of  boilers 
designed  to  be  worked  at  sea  with  pressures  of  upward 
of  100  pounds  per  square  inch,  has  nearly  reached  the 
enormous  sum  of  £210,000.* 

*  For  description  of  sectional  boilers  used  in  Europe,  see  Report, 
volume  iii.,  on  International  Exposition  held  in  Vienna,  1873,  by 
Prof.  R.  H.  Thurston,  A.M.,  C-E.,  late  engineer  officer.  United  States 
Navy. 
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At  the  annual  meeting  of  the  Manchester  Steam- 
Users’  Association,  held  at  the  Manchester  town-hall 
in  1876,  there  were  exhibited  some  large  boiler-plates 
showing  the  rents  that  had  been  formed  by  hydraulic 
pressure  in  a  full-sized  mill-boiler  of  the  Lancashire 
type,  constructed  entirely  for  experimental  purposes. 
The  plates  given  showed  the  fractures  developed.  The 
experiments  on  this  boiler,  which  have  just  been  brought 
to  a  conclusion,  have  extended  over  about  eighteen 
months.  The  boiler  has  been  burst  eleven  times, 
and  been  substantially  repaired  after  each  bursting, 
the  entire  outer  shell  at  one  time  having  been  remade. 
These  experiments  have  led  to  interesting  and  im¬ 
portant  results,  of  which  the  following  is  an  official 
summary.  They  have  shown  the  weakening  effect 
that  steam-domes  have  upon  cylindrical  boilers,  and 
the  importance  at  high  pressures  of  having  man¬ 
hole  mouth-pieces,  as  well  as  all  the  fitting  blocks, 
of  wrought  iron  instead  of  cast.  They  have  also 
proved  that  the  furnace  tubes,  when  strengthened 
at  the  ring-seams  of  rivets  with  encircling  hoops  or 
flanged  joints,  and  the  flat  ends,  when  suitably  stayed, 
are  stronger  than  the  cylindrical  portion  of  the  shell, 
which  rends  at  the  longitudinal  seams  of  rivets.  In 
the  recent  fatal  explosion  at  Rochester  on  board  the 
steam-tug  Prince  of  Wales,  the  flat  end  failed  before 
the  cylindrical  portion  of  the  shell,  showing  that  the 
boiler  was  badly  constructed.  The  experimental  boiler, 
which  was  7  feet  in  diameter,  and  made  of  plates  7-16ths 
of  an  inch  in  thickness,  rent  in  the  outer  casing  at  a 
cast-iron  man-hole  mouth-piece  at  a  pressure  of  200 
pounds  to  the  inch  ;  at  a  machine-made,  single-riveted, 
longitudinal  seam  of  rivets,  at  a  pressure  of  275  pounds 
to  the  inch ;  at  a  double-riveted  longitudinal  seam  of 
rivets  at  a  pressure  of  300  pounds  to  the  inch  when 
hand-made,  and  at  a  pressure  of  310  pounds  to  the  inch 
when  machine-made.  The  experiments  showed  the 
superior  tightness  as  well  as  strength  of  double-riveted 
to  single-riveted  seams,  and  of  machine-work  to  hand- 


2i6 


THE  WAR-SHIPS  OF  EUROPE. 


work.  The  factor  of  safety  adopted  by  the  Associatiori, 
and  which  they  find  efficient,  is  4  to  1.  It  had  been 
calculated  that  the  bursting-pressure  of  the  boiler 
would  be  300  pounds,  which  has  been  yerified  by  the 
experiments.  Boilers  of  the  dimensions  just  given  are 
guaranteed  by  the  Association  at  a  working  pressure  of 
75  pounds  on  the  square  inch.  The  plates  of  which  the 
boiler  has  been  made  are  about  to  be  tested,  in  an 
accurate  machine,  for  cohesion  and  elasticity,  so  as 
to  check  the  results  obtained  by  water-pressure.  When 
these  are  completed,  the  entire  results  will  be  given  to 
the  public. 

“  The  labours  of  the  Association  have  conclusively 
shown  that  steam-boiler  explosions  are  not  accidental 
nor  mysterious,  but  that  they  arise  in  the  great  majority 
of  cases  from  the  use  of  boilers  unfit  for  work.” 

The  following  is  a  report  upon  the  boiler  explosion 
in  the  Thunderer,  by  the  chief  engineer-surveyor  to 
Lloyd’s  Kegister 

“  In  consequence  of  a  request  made  by  Messrs.  Hum¬ 
phreys,  Tennant  &  Co.  to  the  Committee  of  Lloyd’s 
Kegister,  that  I  should  form  one  of  the  committee  of 
experts  to  investigate  the  cause  of  the  explosion  of  one 
of  the  boilers  of  this  vessel,  I  received  instructions  from 
the  secretary  to  accompany  the  various  gentlemen 
deputed  by  the  coroner,  the  Admiralty,  and  the  manu¬ 
facturers,  to  inquire  into  the  cause  of  this  accident. 

“  The  investigation  commenced  on  the  26th  July, 
and  has  since  been  carried  on  from  day  to  day. 

“  The  Thunderer  is  an  armour-clad  turret-ship,  built 
at  Pembroke  about  1870.  The  engines,  which  are 
constructed  to  indicate  between  5,000  and  6,000  horse¬ 
power,  were  made  about  the  same  time.  They  receive 
their  steam  from  nine  rectangular  wet-bottom  boilers, 
of  the  form  at  that  time  adopted  in  Her  Majesty’s  navy, 
the  boilers  having  33  furnaces  in  all.  They  are  ar¬ 
ranged  in  a  fore-and-aft  direction  on  each  side  of  the  ves¬ 
sel,  and  are  situated  in  two  stoke-holes,  there  being  four 
boilers  in  the  after  stoke-hole  and  five  in  the  forward 
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one.  The  boilers  are  all  connected  to  the  main  steam- 
pipes  by  screw-down  stop-valves,  situated  on  the  tops  of 
the  boilers,  and  so  arranged  that  each  can  be  shut  off 
from  the  others  at  will.  Each  boiler  is  also  fitted  with 
a  smaller  stop-valve  connecting  it  to  a  system  of  steam 
piping,  so  that  each  or  any  of  them  can  be  used  for  sup¬ 
plying  steam  to  the  numerous  auxiliary  engines  fitted 
for  various  services  in  all  parts  of  the  vessel. 

“Properly  constructed  steam  and  water-gauges,  feed- 
cocks,  blow-off-bocks,  and  other  necessary  appliances  are 
fitted  to  each  boiler,  together  with  a  sufficient  number 
of  safety-valves.  These  safety-valves  are  enclosed  in 
cast-iron  chests  bolted  on  the  fronts  of  the  boilers,  and 
have  internal  pipes  or  pockets  fitted  so  that  the  steam 
is  taken  from  the  highest  part  of  the  boiler. 

“  The  valves  themselves  are  made  on  the  ordinary 
direct-weighted  principle,  with  solid  spindles,  and  are 
guided  at  the  bottom  by  three  feathers  working  in  the 
valve-seats.  Each  valve  is  loaded  to  a  working-pressure 
of  30  pounds  per  square  inch.  They  are  such  as  are 
generally  fitted  in  Her  Majesty's  navy,  and  have  nothing 
novel  about  their  construction. 

“  The  steam-gauges  are  on  the  ordinary  Bourdon  prin¬ 
ciple,  graduated  to  35  pounds  per  square  inch,  and  are 
fixed  in  conspicuous  places  on  the  fronts  of  the  boilers. 

“  It  appears  the  vessel  was  tried  under  steam  several 
times  at  Pembroke,  afterwards  was  steamed  round  to 
Portsmouth  in  charge  of  the  Admiralty  officials,  and 
has  subsequently  been  under  steam  on  several  occa¬ 
sions. 

“  On  the  14th  July  it  was  arranged  to  make  the 
official  trial.  The  vessel  lay  at  Spithead,  fires  were 
lighted  at  10  o’clock,  steam  was  slowly  raised  in  all  the 
boilers,  and  about  1  o’clock  the  engines  were  started  for 
a  preparatory  run  before  going  on  the  measured-mile 
full-power  trial. 

“  In  about  eight  or  ten  minutes  afterwards  the  fore¬ 
most  starboard  boiler  in  the  after  stoke-hole  exploded. 
The  vessel  was  towed  into  Portsmouth  Harbour  and  the 
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stoke-holes  were  strictly  guarded  until  the  official 
inspection  took  place.  I  was  present  at  the  first  in¬ 
spection,  and  have  been  present  at  all  subsequent 
examinations. 

“  On  examining  the  exploded  boiler,  it  was  found  that 
almost  the  whole  of  the  front  plates  above  tlie  smoke- 
box  doors  had  been  forced  away,  and  lay,  together  with 
the  smoke-box  doors  and  other  debris,  in  a  distorted 
mass  on  the  stoke-hole  floors.  The  plates  themselves 
were  torn  through  the  first  seam  of  livets  above  the 
smoke-boxes  for  almost  the  whole  length  of  the  boiler, 
rending  in  a  diagonal  direction  through  the  solid  plate 
at  the  man-hole,  and  again  tearing  through  the  seams 
of  rivets  connecting  them  with  the  crown  and  other 
parts  of  the  shell.  The  front  of  the  uptake  was  bulged, 
torn,  and  driven  back  against  the  back  plates.  The 
plates  were  drawn  over  the  stays  supporting  these  flat 
surfaces.  The  X^^^on  fastenings  to  the  stays  above  the 
uptake-plates  weie  sheared  through  the  pinholes.  The 
top  of  the  boiler  immediately  over  the  uptake  was 
bulged  upward.  The  sides  of  the  smoke-boxes  below 
the  ruptured  parts,  together  with  tlie  flat  surfaces  in 
the  combustion-chambers,  and  two  of  the  furnace- 
crowns  were  bulged  between  the  stays.  Altogether  the 
boiler  showed  decided  symptoms  of  having  been  sub¬ 
jected  to  excessive  pressure. 

“  There  were  no  signs  of  shortness  of  water. 

“  The  workmanship  appeared  to  be  of  the  best  descrip¬ 
tion,  and  from  the  proof-mark  on  the  front  of  the  boiler, 
it  had  been  tested  in  November  1870,  by  hydraulic 
pressure,  to  60  pounds  per  square  inch. 

“  Both  stop-valves  on  this  boiler  were  found  to  be 
shut,  and  the  steam-gauge  was  entirely  destroyed. 

“  The  safety-valve  chest  lay  on  the  stoke-hole  plates 
in  exactly  the  position  it  had  fallen.  It  contained  two 
valves,  each  5-|  inches  in  diameter,  one  of  which  could 
be  lifted  by  means  of  a  screw  beneath  it,  while  the 
other  is  enclosed  and  entirely  out  of  the  control  of  the 
engineer.  The  cap  over  the  spindle  of  the  hand-lifting 


MAKINE  BOILERS. 


249 


valve  was  carried  away,  and  the  top  of  the  spindle 
broken  off. 

“  The  stop-valves  bein'?  closed,  it  was  evident  that  none 
of  the  steam  generated  in  this  boiler,  from  the  time  the 
fires  were  lighted  to  the  time  of  the  explosion,  could 
have  gone  to  the  engines.  It  must  therefore  have  been 
accumulating  pressure  in  the  boiler  all  that  time,  or 
escaping  by  the  safety-valves.  The  safety-valves  weie 
stated  to  have  been  loaded  to  30  pounds  per  square 
inch,  and  the  pressure-gauge  was  said  to  have  been 
observed  out  of  order  more  than  an  hour  before  the 
explosion  occurred.  ^ 

“  It  was  considered  very  important  to  make  a  minute 
examination  of  the  remains  of  the  safety-valves,  to  see 
if  there  was  any  evidence  of  their  being  jammed  or 
otherwise  not  in  working  order.  The  chest  was  opened 
in  the  presence  of  all  the  inspectors,  and  there  were  no 
such  tilings  as  wedges,  stops,  or  other  means  for  jamming 
the  valves  found.  Both  valve-spindles  were  found 
broken  and  bent,  the  valves  were  perfectly  free  in  their 
seats,  but  the  feathers  of  these  valves  were  battered  and 
distorted  in  such  a  manner  as  to  destroy  all  evidence  of 
their  condition  at  the  time  of  the  explosion. 

“  If  the  safety-valves  were  not  jammed  or  set  fast,  the 
boiler  must  have  exploded  owing  to  structural  weak¬ 
ness;  and  in  order  to  ascertain  as  far  as  possible 
whether  it  could  have  arisen  from  this  cause,  the  whole 
of  the  other  boilers,  with  the  exception  of  one  small 
boiler  in  the  forward  stoke-hole,  were  tested  by  hydraulic 
pressure  to  from  60  pounds  to  65  pounds  per  square 
inch.  They  w'ere  quite  tight,  and  alter  being  carefully 
gauged  betore,  during,  and  after  the  test,  they  showed 
no  signs  of  weakness. 

“  Strips  of  plate  were  cut  from  the  ruptured  parts,  and 
tested  by  the  testing-machine  in  the  dock-yard.  The 
iron  was  found  to  be  above  the  average  strength  of  iron 
used  in  boiler-making,  the  mean  results  of  these  ex¬ 
periments  showing  that  it  would  stand  a  tensile  stress 
of  21  tons  per  square  inch  of  section. 
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“  As  a  ^uide  to  the  pressure  which  this  boiler  was 
capable  of  bearing,  a  chamber  was  constructed  to  repre¬ 
sent  to  some  extent  the  part  of  the  boiler  which  gave 
way.  From  its  form  it  did  not,  in  my  opinion,  give 
exact  information  on  that  point,  seeing  that  the  side 
plates  of  the  uptake,  which  very  materially  add  to  the 
strength,  were  omitted,  and  consequently  the  whole 
strength  of  the  structure  was  reduced.  It  was  burst  at 
various  pressures  under  four  or  five  different  conditions, 
and  although  it  did  not  exactly  represent  the  exploded 
part  of  the  boiler,  the  results  of  these  experiments 
show  almost  with  certainty  that  the  pressure  within  the 
boiler  at  the  moment  of  rupture  could  not  have  been 
less  than  100  pounds  per  square  inch. 

“  The  whole  question  of  the  cause  of  this  explosion 
therefore  centres  itself  upon  the  condition  of  the  safety- 
valves  at  the  time  of  the  explosion,  and  as  they  were  so 
destroyed  by  the  accident  as  to  make  it  impossible  from 
their  appearance  to  speak  of  their  condition  at  that 
time,  it  was  deemed  advisable  to  make  an  examination 
of  all  the  safety-valves  of  the  other  boilers.  This 
examination  was  made,  and  they  were  all  found  to  be 
loaded  to  about  30  pounds  per  square  inch.  They  were 
free  to  move,  and  to  all  appearance  were  in  a  workable 
condition. 

“  The  feathers  of  safety-valves  made  on  this  principle 
require  to  be  an  easy  fit  in  their  seats  ;  if  too  slack,  the 
rolling  of  the  vessel  shifts  them  on  their  faces  and 
causes  them  to  leak.  In  this  case  they  appeared  to  be 
a  good  working  fit,  and  it  was  suggested  to  try  them 
under  steam.  One  of  the  valve-chests  containing  two 
valves  was  accordingly  attached  to  a  land-boiler  in  the 
dock-yard.  It  was  found  that  when  steam  was  raised, 
one  of  the  valves,  although  loaded  to  only  30  pounds 
per  square  inch  and  quite  free  when  cold,  did  not  lift 
until  the  pressure  reached  52  pounds  per  square  inch, 
but  after  blowing  a  short  time  and  uniformly  heating 
the  cast-iron  chest,  it  rose  and  fell  at  about  the  working 
pressure. 
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“This  conclusively  proved  that  the  expansion  of  the 
feathers  of  the  brass  valve  was  sufficient  to  make  them 
grip  or  set  fast,  when  fitted  so  close  as  this  valve  was 
fitted. 

“  Although  this  single  valve  did  stick  under  this  trial, 
the  whole  of  the  others  were  tried  afterwards  under 
similar  conditions,  and  were  perfectly  free ;  the  experi¬ 
ment  therefore  affords  no  certain  evidence  of  the  exact 
condition  of  the  safety-valves  on  the  exploded  boiler  at 
the  time  of  the  explosion.  But,  as  there  can  be  little 
doubt  of  their  inoperativeness,  it  can  be  inferred  that 
had  they  been  a  little  tighter  than  the  valve  that  was 
tried  and  found  to  stick,  or  if  they  had  been  neglected 
and  scale  or  dirt  allowed  to  get  between  the  working 
surfaces,  the  expansion  of  the  valve  would  have  caused 
them  to  jam  or  set  fast,  and  allow  the  pressure  to 
accumulate  until  it  overcame  the  strength  of  the 
boiler. 

“  The  facts  of  the  case  may  be  summarised  as 
follows : — 

“  1.  The  stop- valves  were  shut,  so  that  the  steam 
generated  in  the  boiler  could  not  escape  to  the 
engines. 

“2.  The  steam-gauge  was  discarded  as  being  out 
of  order,  and  therefoie  it  did  not  make  known  any 
abnormal  pressure  in  the  boiler. 

“  3.  The  fires  were  burning  briskly,  and  therefore  the 
pressure  must  have  been  rapidly  increasing  in  the 
boiler. 

“  4.  The  boiler  presents  unmistakable  symptoms  that 
it  burst  from  excessive  pressure,  and  not  from  faulty 
construction. 

“  Under  these  circumstances,  I  am  of  opinion  that  the 
safety-valves  of  the  boiler  in  question  at  the  time  of 
the  explosion  were  set  fast  in  their  seats,  and  that  the 
cause  of  the  explosion  was  excessive  pressure,  owing  to 
the  stop-valves  being  shut  and  there  being  no  outlet 
for  the  steam  which  the  fires  were  generating. 

“  Having,  therefore,  arrived  at  this  conclusion,  I  think 
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it  my  duty  to  urge  the  necessity  of  the  greatest  care 
being  taken  (1)  in  the  designing  of  safety-valves,  and 
(2)  in  the  absolute  necessity  of  their  being  frequently 
examined.  There  ought  to  be  a  certain  means  of 
preventing  any  increase  of  pressure  beyond  the  stipu¬ 
lated  amount. 

“  Since  this  explosion  I  have  carefully  considered  this 
subject,  and,  with  a  view  to  reducing  the  chances  of 
safety-valves  sticking  or  otherwise  being  inoperative,  I 
would  suggest : 

“  1.  That  the  valve  with  a  central  guiding-spindle  is 
less  liable  to  set  fast  by  unequal  expansion  than  a 
feather  guided  valve. 

“  2.  That  the  spindles  which  support  the  weights  of 
these  valves  should  be  detached  from  the  valves  them¬ 
selves,  or  that  a  guide  should  be  fitted  between  the 
valve  and  the  weights,  so  that  any  inclination  of  the 
weights  caused  by  the  motion  of  the  vessel  should  not 
lend  to  cant  the  valves  and  rdake  them  grip  in  their 
seats. 

“  3.  Easing-gear  should  be  fitted  to  all  the  valves, 
and  arranged  to  lift  the. valves  themselves. 

“4.  That  all  safety-valve  spindles  should  extend 
through  the  covers,  and  be  fitted  with  sockets  and 
cross-handles,  so  arranged  that  it  would  be  impossible 
to  add  any  extra  weight  or  to  control  their  action,  but 
at  the  same  time  allowing  them  to  be  lifted  and  turned 
round  on  their  seats,  and  their  efficiency  tested  by  the 
engineer  at  any  time,  whether  the  steam  is  up  or  not. 

“  1  would,  in  conclusion,  add  that  loading  safety- 
valves  for  marine  purposes  by  means  of  dead-weights 
is  now  in  the  merchant  service  almost  entirely  super¬ 
seded  by  springs. 

“  William  Parker, 

“  Chief  Engineer-Surveyor  to  Lloyd’s  Register  of  Shipping.” 

“  Lloyd's  Requier  of  British  and  Foreign  Shipping, 

'  “2  White  Lion  Court,  Cornhill,  London, 

*'  August  16,  1876.’’ 
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Of  tlie  four  different  official  reports  on  this  explosion, 
the  above  is  given  as  being  the  most  practical. 

Through  the  kind  attention  of  the  general  inspecting 
engineer  to  Lloyd’s  Eegister,  opportunity  has  been 
afforded  for  observing  the  application  of  their  practice 
and  inspection  to  the  boilers  and  machinery  of  the 
commercial  marine  of  Great  Britain.  Steamers  were 
visited  after  long  voyages ;  some  having  machinery 
and  boilers  which  were  comparatively  new,  others  having 
boilers  in  different  stages  of  deterioration,  and  others  in 
which  the  machinery  was  undergoing  construction.  All 
that  relates  to  the  corrosion  of  boilers  has  already  been 
given.  As  to  the  kind  of  boilers  now  employed,  no 
material  changes  have  taken  place  in  the  last  five 
years,  but  the  old  type  of  box  or  waggon-shaped 
boiler,  so  familiar  to  the  marine  engineer  of  former 
days,  is  no  longer  seen.  It  is  obsolete,  reckoned  among 
the  inventions  of  the  past,  and  years  hence  will  probably 
be  shown  in  the  South  Kensington  Patent  Museum 
by  the  side  of  the  marine  side-lever  engine  and 
numerous  other  obsolete  curiosities  stored  in  that 
interesting  institution. 

The  pressure  of  steam  carried  at  the  present  day  in 
marine  boilers  varies  from  60  to  70  pounds  per  square 
inch,  and  the  boilers  used  to  generate  it  have  shells 
either  cylindrical  or  elliptical.  More  care  is  exercised 
than  was  formerly  considered  necessary  in  the  details 
of  construction,  and  better  workmanship  in  fitting  and 
riveting  the  parts  together. 

Brass  tubes  are  being  used  to  a  considerable  extent 
where  iron  tubes  were  formerly  employed.  Safety- 
valves,  having  levers  with  loaded  weights  attached, 
have,  in  consequence  of  the  higher  pressures  used  than 
formerly,  and  of  the  difficulty  with  them,  arising  from 
the  pitching  and  rolling  of  the  vessel  in  rough  weather, 
been  abandoned,  and  spring  safety-valves  substituted 
in  all  steamers.  The  valve  adopted  generally  for 
boilers,  both  of  commercial  and  naval  vessels,  is  known 
as  Adams’s.  A  representation  of  it  is  given  at  page  254. 
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In  this  connection,  it  may  be  interesting  to  quote 
from  Lloyd’s  Kegister  a  section  relating  to  the  de¬ 
signing,  building,  testing,  and  fittings  of  boilers ;  and 
also  their  formulae  for  the  strength  of  cylindrical  shells 
of  boilers  and  of  circular  flues  or  furnaces. 

Lloyd's  Register  of  British  and  Foreign  Shipping. 

[Extract  from  the  Rules  of  the  Society.] 
“MACHINERY  AND  BOILERS  OF  STEAMSHIPS. 

“  Section  73.  With  respect  to  the  boilers  and  ma¬ 
chinery,  the  owners  are  required  to  submit  them  to  the 
inspection  of  the  society’s  engineer-surveyors,  who  will 
furnish  a  report  to  the  committee  describing  their  state 
and  condition,  in  the  manner  and  form  (No.  8)  annexed. 
The  committee  will  thereupon  grant  a  certificate, 
and  insert  in  the  registry-book  the  notification 
‘  Lloyd’s  MC.’  {in  red),  indicating  that  the  boilers 
and  machinery  have  been  inspected  by  the  engineer- 
surveyors,  and  certified  to  be  in  good  order  and  safe 
working  condition.  (See  section  81.) 

“  The  society’s  engineer-surveyors  are  to  examine 
the  plans  of  the  boilers,  and  approve  of  the  strengths 
for  the  intended  working-pressure. 

“  Any  great  novelty  in  the  construction  of  the  ma¬ 
chinery  or  boilers  to  be  reported  to  the  committee. 

“  The  boilers,  together  with  the  machinery,  to  be 
inspected  at  different  stages  of  construction. 

“The  boilers  to  be  tested  by  hydraulic  pressure  in  the 
presence  of  the  surveyor  to  twice  the  intended  working- 
pressure. 

“  Two  safety-valves  to  be  fitted  to  each  boiler  ;  if 
common  valves  are  used,  their  combined  areas  to  be 
half  a  square  inch  to  each  square  foot  of  fire-grate 
surface ;  if  improved  valves  are  used,  their  efficiency 
to  be  tested  under  steam  in  the  pre.-^ence  of  tlie  sur- 
(veyor,  and  in  all  cases  set  to  the  working-pressure. 

“  A  stop-valve  to  be  fitted,  so  that  eacR  boiler  can  be 
worked  separately. 
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“  Each  boiler  to  be  fitted  with  a  separate  steam- 
gauge.  to  accurately  indicate  the  pressure. 

“  With  a  view  to  ensuring  better  control  over  all  cocks, 
valves,  and  pipes  connecting  the  engines  and  boilers 
with  the  sea,  they  are  to  be  fixed  as  follows,  viz  :  All 
cocks  fitted  on  the  plating  of  steam-vessels  to  be  raised 
al)ove  the  level  of  the  stoke-hole  plates  on  the  turn  of 
the  bilge,  or  attached  to  Kingston  valves  of  sufficient 
height  to  lift  them  up  to  the  level  of  the  stoke-hole 
plates,  so  that  they  can  at  all  times  be  seen  and 
attended  to.  All  discharge-pipes  to  be,  if  possible, 
carried  above  the  deep  load-line,  with  discharge-valves 
fitted  on  the  plating  of  the  vessel.  Ko  pipes  to  be 
carried  through  the  bunkers  without  properly-con¬ 
structed  wrought-iron  casings  around  them.  The  bilge 
suction-pipes  to  be  fitted  to  pump  from  each  hold,  and 
suction-pipes  and  roses  to  be  fitted  in  the  bilges  and 
amidships  in  the  engine-room  ;  these  roses  to  be  fitted 
in  a  convenient  place,  where  they  can  at  all  times  be 
accessible ;  the  cocks  and  valves  connecting  these 
pipes  to  be  fixed  above  the  stoke-hole  plates.  All 
blow-off  cocks  to  be  constructed  so  that  the  spanner 
or  key  can  only  be  fixed  or  taken  off  when  the  cock 
is  shut. 

“  The  arrangement  of  bilge-pumps,  bilge-injections, 
suction  and  delivery  pipes,  also  the  non-return  valves, 
to  be  inspected  and  approved  by  the  surveyors;  any 
defective  arrangement  to  be  reported  to  the  committee. 

“  Lloyd's  Formulse  for  Cylindrical  Shells  of  Boilers. 

^ =  working-pressure  m  pounds. 

(B  —  d)  X  100  _  j  percentage  of  strength  of  plate  at  joint 
p  1  compared  with  solid  plate, 

a  X  N  X  100  _  j percentage  of  strength  of  rivets  com- 
p  X  p  I  pared  with  solid  plate. 

51520  =  tensile  strength  of  iron  in  pounds  per  square 
inch  of  section. 
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T  =  thickness  of  plate,  in  inches. 

D  =  diameter  of  inside  of  shell,  in  inches. 
6-5  =  factor  of  safety. 

C  =  less  of  the  two  above  percentages. 
d  =  diameter  of  rivets. 

P  =  pitch  of  rivets. 
a  =  area  of  section  of  rivets. 

N  =  number  of  rows  of  rivets  in  shear. 


“  Formula  for  Collapsing  of  Circular  Flues. 

89600  X 
L  X  D 
89600  =  constant. 

T  =  thickness  of  plate,  in  inches. 

L  =  length  of  flue  or  furnace,  in  inches. 

D  =  inside  diameter  of  flue  or  furnace,  in  inches. 

“  The  stays  in  the  flat  surfaces  to  take  up  the  whole 
straih,-  and  not  to  be  subjected  to  a  greater  strain  than 
5,000  pounui--  per  square  inch,  calculated  from  the 
weakest  part  of  tifie  stay  or  fastening.” 


q’2 

—  =  working-pressure  in  pounds. 


CHAPTER?,  XX. 

SEA  VALVES  AND  COCKS.-^_steERING  GEAR. 

It  is  well  known  that  all  the  fi’om  the  sea  re¬ 

quired  for  working  the  engines  anoj  boilers  of  a  steamer 
is  admitted  through  holes  made  in  qhe  bottom  or  bilge, 
and  that  these  holes  are  protected  b^y  what  is  known°as 
sea  valves  or  cocks,  made  either  of  i^o^gt  iron  or  brass 
They  are  secured  to  the  skin  of  tl^^e  vessel  by  bolts, 
and  connected  to  the  engines  and  b, oilers  by  pipes  of 
copper,  brass,  or  non.  Ueretofoie. ^  these  valves  or 
cocks  have  generally  been  placed  Iqw  down  on  the 
floor,  so  as  to  be  out  of  the  way  ^  t  be  engine-room  as 
well  as  the  fire-room  floor-plates  biaiuo-  above  them. 
They  have  thus  been  out  of  sight  ar^d  yery  difficult  of 
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access,  so  that  upon  a  leak  or  accident  occurring,  it  is 
not  always  discovered  until  the  water  rises  to  the  floor, 
when  the  engineer  may  not  he  able  to  ascertain  the 
cause  in  consequence  of  the  valves  and  pipes  being 
covered  with  a  considerable  depth  of  water.  Many 
serious  accidents  have  happened  in  consequence  of  this 
arrangement.  Among  them  may  be  mentioned  the 
loss  of  the  Knight  Templar,  and,  also,  the  case  of  the 
French  trans- Atlantic  steamer  Europe,  of  4,000  tons, 
which  was  abandoned  in  the  Atlantic  on  the  2nd  of  April, 
1874,  and  had  the  crew  and  passengers,  in  all  about  four 
hundred,  taken  from  her,  when  in  a  sinking  state,  by 
the  English  steamer  Greece.  When  abandoned  there 
was  only  about  6  feet  of  water  in  tlie  engine  and  fire 
rooms,  and  1  foot  in  the  adjoining  holds.  It  is  evident 
that  the  leak  was  from  the  sea-connections  in  the 
engine  space,  as  was  proved  by  the  very  singular 
coincidence  that,  only  a  few  days  after,  her  sister  ship, 
the  Amerique,  of  4,000  tons,  belonging  to  the  same 
owners,  was  abandoned  in  the  English  Channel,  and 
afterwards  picked  up  by  an  English  steamer  and  towed 
into  Plymouth  Harbour,  with  the  engine  and  boiler 
rooms  full  of  water.  When  she  was  pumped  out, 
nothing  was  found  wrong  with  the  ship,  and  the  diffi¬ 
culty  with  the  sea-connections  was  never  made  public. 
The  abandonment  of  these  two  valuable  vessels  at  sea, 
under  such  circumstances,  was  altogether  owing  to 
the  absence  of  practical  engineering  skill  and  courage, 
and  to  the  want  of  presence  of  mind  in  emergencies  on 
the  part  of  the  captains.  The  Ormeshy,  of  930  tons, 
was  abandoned  in  the  Bay  of  Biscay  in  January  1874. 
After  having  encountered  a  heavy  gale,  water  was 
suddenly  discovered  coming  into  the  engine  and  fire 
rooms,  and  in  a  short  time  it  put  out  the  fires.  As  no 
leaks  could  be  discovered  in  any  other  parts  of  the 
vessel,  it  was  supposed  to  have  been  due  to  the  ex¬ 
posed  and  dangerous  condition  of  the  sea-cocks.  There 
are  many  known  cases  of  narrow  escapes,  and,  among 
naval  vessels,  notably  that  of  the  Iron  Duke.  It  is  also 
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believed  that  unreported  losses  have  occurred  from  the 
same  causes.  In  consequence  of  these  accidents,  Lloyd’s 
require  the  sea  valves  and  cocks  of  all  descriptions  to 
be  placed  above  the  bilge  in  all  ships  that  are  now 
constructed  or  remodelled.  There  is,  however,  no 
English  law  regulating  the  number  of  bulkheads  in  iron 
vessels  or  the  height  to  which  they  should  extend. 
Neither  Lloyd’s  nor  the  Board  of  Trade  make  other 
provision  than  that  there  must  be  a  collision-bulkhead 
at  each  end  of  a  steamer  and  at  one  end  of  a  sailing- 
vessel.  A  vessel  may  be  500  feet  long,  and  have  400 
feet  of  that  length  in  the  centre  practically  in  one  com¬ 
partment.  In  some  ships  the  bulkheads  are  sufficiently 
numerous,  but  do  not  extend  above  a  deck  which  is 
nearly  level  with  the  load  water-line.  In  that  case,  if 
one  compartment  fills,  the  vessel  sinks  enough  to  bring 
the  tops  of  all  the  bulkheads  under  water.  In  other 
ships  where  there  are  proper  bulkheads,  doors  are  cut 
in  them,  which  destroy  their  integrity.  The  pumps 
afford  but  feeble  refuge  against  the  dangers  thus  in¬ 
curred.  That  greater  precautions  are  consistent  with 
commercial  success  is  proved  by  the  recent  practice  of 
some  English  owners. 

The  most  essential  features  in  any  arrangement  of 
steering-gear  are  simplicity,  certainty  of  action, 
immunity  from  derangement,  and  general  efficiency. 
Several  varieties  of  gear  have  been  patented  to  accom¬ 
plish  these  objects.  It  may  be  profitable  to  consider 
those  most  successfully  employed,  of  which  there  are 
three  systems  of  recent  date,  viz.,  the  screw-gear,  the 
steam-gear,  and  the  hydraulic-gear. 

The  introduction  of  steam-power  and  screw-propellers 
brought  into  greater  prominence  the  demand  for  an 
increase  of  power  in  the  steering-gear,  owing  to  the 
increased  speed,  and  different  conditions  under  which 
the  rudder  acts  in  a  steam  and  sailing  vessel ;  and  to 
■  its  becoming  important  to  relieve  the  steersman  from 
the  shocks  given  by  the  rudder  when  the  vessel  is  being 
driven  through  heavy  seas.  To  meet  these  demands 
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the  sorew-gear  (the  well-known  right  and  left  handed 
screw)  was  introduced ;  which  in  some  form  or  other  is 
now  generally  employed  in  steamers  either  as  a  primarv 
gear  or  as  a  stand-by  in  heavy  weather.  A  large  number 
of  steamers  of  the  mercantile  marine  are  fitted  with  two 
sets,  one  placed  aft,  immediately  in  connection  with  the 
rudder,  and  the  other  in  such  a  position  that  the  steers¬ 
man  who  works  it  commands  a  view  ahead,  and  is 
immediately  under  the  eye  of  the  officer  on  watch. 
That  placed  aft  is  as  a  rule  a  screw-gear,  and  the  fol- 
ward  one  is  of  the  old-fashioned  variety,  either  a  com¬ 
bination  of  tiller  with  blocks,  with  wire-rope  or  chains 
carried  along  the  deck  to  the  steering-wheel;  or  else 
a  quadrant  is  keyed  on  to  the  rudder-head,  to  each 
extremity  of  which  are  attached  chains  which  pass 
through  snatch-blocks  on  either  quarter,  and  the  com¬ 
munication  is  carried  along  the  decks  by  rods  or  rope  as 
before  to  the  hand-gear.  But  in  order  to  obtain  suffi¬ 
cient  power  by  the  hand-wheels,  geared-wheels  are  used 
and  a  pitch-chain  which  connects  the  rods  or  wire-rope 
on  eitlier  passes  over  a  sprocket-wheel  or  chain-pulley, 
which  is  keyed  on  to  the  same  shaft  as  the  spur- 
Avheel.  By  the  arrangement  of  the  screw-gear  the 
danger  consequent  on  the  rudder  taking  charge  is 
partially  avoided,  but  the  Avhole  of  the  gearing  and 
the  rudder-stock  require  to  be  of  increased  strength 
to  meet  the  additional  strain.  These  appliances,  or 
modifications  of  them,  for  ships  of  moderate  dimen¬ 
sions  answer  the  purpose,  and  do  not  require,  under 
ordinary  circumstances,  a  very  great  amount  of  manual 
power ;  but  in  the  largest  steamers  the  best  devised 
of  any  of  these  hand-gears  are  inadequate  for  their 
wants,  and  for  heavy  ships  of  war  the  efficiency  of 
the  steering  apparatus  becomes  a  most  important 
question.  Here,  again,  mechanical  skill  has  enabled 
the  problem  to  be  dealt  with,  for  both  steam  and 
hydraulic  power  have  been  successfully  applied,  and 
one  or  the  other  is  now  generally  employed  in 
such  vessels,  so  that  they  can  be  readily  handled  in 
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narrow  channels  or  crowded  harbours  or  manoeuvered 
in  action. 

The  steam-gear  which  down  to  the  present  time  has 
met  with  the  greatest  success,  having  been  adopted  in 
many  ships  of  the  British  navy  and  in  a  large  number 
of  commercial  ocean  steamers,  is  that  designed  by  Mr. 
McFarlane  Gray,  and  now  made  by  Messrs.  Forrester, 
of  Liverpool. 

As  generally  applied,  it  consists  of  a  pair  of  engines 
with  Barrel  and  pitch-wheel,  which  are  placed  aft,  so  as 
to  be  in  close  communication  with  the  tiller  or  quadrant. 
The  valve  which  controls  and  reverses  the  engines  is  in 
connection  with  a  light  steering-wheel  placed  forward 
in  some  convenient  position,  the  connection  being  made 
by  means  of  shafting.  The  rudder  is  also  placed  in 
communication  with  this  valve,  in  order  that  when  the 
position  of  the  rudder  required  by  the  steersman  is 
reached  the  engines  may  come  to  rest,  and  on  further 
motion  being  giving  to  the  steering-wheel  the  rudder 
can  be  moved  either  to  port  or  starboard.  The  engines 
can  be  fitted  amidships,  as  is  sometimes  the  case,  and 
various  modifications  made.  This  steering  apparatus 
possesses  simplicity,  is  rapid  in  its  action,  the  engines 
are  not  liable  to  disarrangement,  it  is  efficient  as  a 
simple  steam-winch,  and  the  rudder  can  be  easily  con¬ 
trolled  by  one  man  in  the  heaviest  weather.  The  first 
cost  of  this  system  of  working  the  rudder  is  considerably 
more  than  that  of  the  old  plan  of  doing  it  by  manual 
power,  but  the  saving  in  the  number  of  men  at  the 
wdieel  is  an  important  consideration ;  added  to  which, 
there  is  the  greater  security  of  the  vessel  in  narrow  or 
prowded  channels,  and  the  less  risk  of  collision  that  is 
caused  by  rapid  handliug  of  the  steering  gear. 

The  other  steam-steering  gears  patented,  and  in  some 
cases  fitted,  vary  from  the  above  chiefly  in  the  manner 
in  which  the  engines  are  brought  to  rest  whenever  the 
'desired  movement  of  the  rudder  has  been  effected,  and 
in  the  arrangement  of  the  slide-valves. 

The  only  objection  raised  to  steam  as  the  power  for 
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moving  the  rudder  is  the  condensation  in  the  long  pipes 
when  the  engines  are  placed  aft;  hut  with  a  proper 
adjustment  of  the  valves  this  need  not  interfere  with 
the  quick  and  sensitive  action  of  the  engines. 

The  system  of  steering-gear  that  has  for  some  time 
been  competing  with  steam  is  the  hydraulic.  Several 
types  of  this  have  been  patented.  The  most  successful 
is  that  designed  by  Mr.  A.  B.  Brown,  of  Edinburgh. 
It  is  by  far  the  most  complete  of  its  kind,  possessing 
many  of  the  essentials  required  for  a  steering  apparatus. 
The  large  double-ended  ferry-steamers  running  between 
Liverpool  and  Birkenhead — vessels  which  can  be  steered 
from  either  end — are  successfully  handled  by  this  gear. 
It  has  also  been  applied  to  some  large  passenger-steamers 
nearly  400  feet  in  length,  and  is  reported  upon  favour¬ 
ably,  In  these  vessels  a  small  hand-tiller  is  used  for 
steering,  which  requires  but  a  comparatively  small 
pressure  to  move  it  from  amidships  to  port  or  star¬ 
board  ;  and  the  rudder  quickly  follows  the  movement 
of  the  hand-tiller,  remaining  in  a  similar  position  until 
this  is  again  moved. 

A  clear  description  of  the  apparatus,  by  Mr,  W.  J. 
Pratten,  M.I.N.A.,  is  here  given ; — 

“  In  this  plan  the  tiller  is  acted  upon  by  rams  placed 
athwartships,  or  in  any  other  convenient  position  ;  the 
water  being  conveyed  to  them  by  small  pipes  from  an 
accumulator  in  the  engine-room.  This  accumulator  is 
kept  filled  with  water  by  a  pair  of  small  pumping- 
engines  ;  it  consists  of  a  long  cylinder  fitted  with  piston 
and  ram.  The  space  on  the  top  side  of  the  piston  is  in 
communication  with  the  boiler,  thereby  having  the 
same  pressure  per  square  inch  as  the  boiler,  the  space 
under  the  ram  being,  as-  usual,  filled  with  water.  It  is 
so  arranged  that  the  pumping-engines  take  their  steam 
from  the  top  of  the  cylinder,  so  that  when  the  piston 
rises  to  the  top,  owing  to  the  water-chamber  being 
filled,  the  steam  is  shut  off“  and  the  engines  come  to 
rest.  As  the  water  is  used  and  the  piston  falls,  the 
engines  at  once  start,  and  fresh  water  is  pumped  into 
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the  accumulator.  The  relative  areas  of  piston  and 
ram  are  such  that  the  water  is  under  a  pressure  of 
about  700  pounds  per  square  inch  at  the  full  boiler- 
pressure  of  steam.  Iron  pipes  of  1-inch  bore  con¬ 
vey  the  water  from  the  accumulator  to  a  small  slide- 
valve,  which  is  in  close  proximity  to  the  hand-wheel  or 
tiller,  for  the  use  of  steersman,  and  other  pipes  lead 
from  this  valve  to  the  driving-rams  placed  aft.  This 
valve,  which  resembles  a  small  locomotive  one,  has  a 
double  connection,  viz.,  with  the  tiller  used  by  the 
steersman,  by  means  of  a  vertical  shaft  and  levers,  and 
with  the  rudder  by  wire-ropes.  The  action  is  very 
simple.  On  moving  the  hand-tiller  far  enough  to  poi't 
or  starboard,  as  may  be  required,  water  passes  from  the 
accumulator  through  the  open  valve-port  to  one  of  the 
driving-rams  aft ;  the  water  at  the  same  time  escaping 
from  the  other  ram  through  the  exhaust-port  of  slide 
to  a  tank  in  the  engine-room,  from  which  the  engines 
take  their  supply  of  water.  The  rudder  is  also  con¬ 
nected  to  this  valve,  which  is  closed  by  the  former 
getting  into  the  position  indicated  by  the  hand-tiller. 
The  valve  is  thus  entirely  self-acting  in  closing,  after 
any  movement  of  the  hand-tiller.  The  device  by 
■which  this  valve  is  worked  is  very  ingenious,  and  other 
contrivances  in  the  design  are  well  worthy  of  notice. 

“  As  the  w'ater  is  continually  returned  from  the  rams 
to  the  accumulator,  there  is  only  the  loss  by  leakage  to 
be  made  good.  This  leakage  will  be  principally  from 
the  driving-rams,  and,  when  these  are  packed,  is  reduced 
to  a  very  small  quantity.  One  great  advantage  arising 
from  always  using  the  same  water,  is  in  case  of  frosty 
weather,  when  it  is  necessary  to  add  some  non-freezing 
mixture  to  protect  the  pipes  from  injury.  The  patentee 
of  this  design  advocates  in  such  cases  the  use  of  about 
20  per  cent,  of  methylated  spirits,  as  a  cheap  and  most 
effective  preventive  against  frost. 

“  The  liability  of  water  to  freeze  in  the  pipes  has 
been  urged  as  a  main  objection  to  the  use  of  water¬ 
power  in  any  form  for  a  steering  apparatus ;  but,  except 
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in  cases  of  extreme  frost,  there  is  little  risk  of  injury  if 
even  a  smaller  proportion  of  spirits  than  the  above  be 
used.  The  pipes  can  be  carried  along  the  main  or 
lower  deck,  and  the  driving-rams  can  also  be  placed 
below  instead  of  on  the  exposed  upper  deck. 

“It  is  highly  necessary  that  the  rams  should  have 
sufficient  power  to  place  the  rudder  hard  over  when  the 
ship  is  running  full  speed ;  in  fixing  the  diameter  of 
the  rams  and  leverage  on  tiller,  it  must  he  borne  in 
mind  that  the  boiler-pressure  of  steam  is  not  always 
constant.  If  the  rams  have  only  been  designed  to 
force  the  rudder  hard  over  when  using  the  highest 
steam-pressure,  it  is  obvious  that  it  will  partially  fail 
to  work  effectually  when  the  pressure  of  steam  falls 
to  one-half  or  two-thirds ;  but  this  is  a  minor 
point. 

“  In  order  to  relieve  the  pipes  from  a  sudden  increase 
of  pressure,  such  as  would  take  place  when  a  sea  struck 
the  rudder,  spring  escape -valves  are  fitted  on  the 
barrels  of  the  rams,  allowing  the  water  to  pass  from 
behind  one  ram  to  the  other,  thus  preventing  any  loss 
of  water  and  giving  relief  to  the  pipes.” 

Of  the  other  hydraulic  gears  patented,  the  one  by 
Mr.  Esplen  has  been  fitted  to  several  ships ;  one  by 
Admiral  Inglefield  has  also  been  fitted,  but  it  was  not 
free  from  objections,  and  after  trial  was  removed. 
When  hydraulic  gear  of  this  nature  is  fitted,  the  water 
in  the  accumulator  may  be  usefully  employed  for  other 
purposes,  such  as  working  independent  engines  for  the 
startiog-gear  or  lifting  the  auchor. 

In  war-ships  or  large  merchant-steamers  entire  trust 
is  not  placed  in  the  steam  or  hydraulic  gears,  when 
they  are  fitted ;  for  they  are  supplemented  by  a  screw- 
gear  or  other  suitable  arrangement.  In  some  cases  the 
engines  are  so  fitted  that  they  can  be  readily  discon¬ 
nected  from  the  remaining  gearing,  which  can  then  be 
worked  by  hand  in  the  ordinary  manner. 

Besides  the  steering-gear  successfully  applied  as 
above  described,  there  has  been  recently  produced  by 
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Messrs.  P.  Brotherhood  &  Hardingham,*  engineers,  of 
London,  a  new  system  of  steam  steering-gear  by  means 
of  which  the  rudder  of  a  ship  can  be  put  over  to  any 
desired  angle,  and  will  always  return  to  its  normal 
position  when  released.  The  power  is  transmitted 
through  the  Brotherhood  three  -  cylinder  type  of 
engines.  The  apparatus  is  illustrated  in  the  Revue 
Industrielle,  and  described  fully  in  Engineering  of  the 
13th  of  October  1876.  It  has  been  approved  by  the 
British  Admiralty,  and  is  being  fitted  on  board  the 
armoured  ship  Temeraire. 

The  advantages  to  be  derived  from  the  application 
of  power  other  than  manual  for  steering,  as  well  as  for 
lioisting  anchors,  and  for  receiving  and  discharging 
heavy  articles  on  board  vessels,  are  so  well  known 
that  enumeration  of  them  is  unnecessary. 


CHAPTER  XXI. 

OFFENSl YE  TORPEDO  WARFARE. 

The  Ziethen  is  an  unarmoured  iron-built  torpedo  vessel 
in  the  Imperial  German  Navy,  226  feet  long,  28  feet 
broad,  18  feet  6  inches  deep,  and  has  a  load-draught 
of  11  feet  8  inches.  She  was  built  and  completed  in 
June  1876,  by  the  Thames  Iron-Works  at  Blackwall, 
and  is  intended  to  carry  out  a  series  of  experiments 
at  sea  with  the  Whitehead  or  fish  torpedo.  She  has 
twin-screws  and  two  pairs  of  non-compound  engines,  by 


*  A  set  of  Brotherlmoil  engines  was  exhibited  at  the  Vienna  Exhibi¬ 
tion,  and  has  been  described  by  Professor  Thurston  as  follows: — “The 
cylinders  are  arranged  with  their  axes  mahing  angles  with  each  other 
of  P20°.  I’hey  are  single-acting,  and  the  pistons  are  coupled  to  a 
single  crank.  The  valve  is  a  revolving  one,  its  axis  is  coincident  with 
that  of  the  crank- shaft,  and  it  is  turned  by  a  prolongation  of  the  crank- 
pin.  The  central  chamber  is  the  steam-chest,  and  the  valve  permits 
steam  to  pass  to  the  rear  of  the  pistons  successively,  thus  disturbing 
the  existing  equilibrium  and  producing  rotation.” 
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Messrs.  John  Penn  &  Son,  designed  to  indicate  2,500 
horse-power.  There  are  six  cylindrical  boilers,  each 
containing  two  furnaces,  set  in  the  vessel  hack  to  hack, 
occupying  the  whole  width,  and  about  30  feet  fore  and 
aft,  of  the  vessel,  besides  the  fire-rooms ;  one  of  which  is 
forward  and  the  other  aft,  next  to  the  engines.  The 
maximum  speed  is  16  knots  per  hour  at  sea,  and  as  the 
vessel  is  not  to  be  used  as  a  cruiser,  economy  of  fuel 
was  not  a  consideration  in  the  design. 

The  Ziethen  is  built  with  two  tubes,  not  much  unlike 
screw-propeller-shalt  tubes,  placed  in  a  line  with  the 
keel,  one  forward  and  the  other  aft,  with  valves  at 
either  end.  They  are  6  feet  below  the  water-line ;  the 
after  tube  projects  just  over  and  beyond  the  rudder ; 
the  outlet  of  the  forward  tube  is  about  16  feet  back  in 
the  forebody  of  the  vessel,  and  a  triangular  portion  of 
the  hull  is  made  to  hinge  in  the  stem  and  lift  into  a 
water-tight  well,  so  that  there  is  no  projection  to  inter¬ 
fere  with  the  speed  of  the  vessel.  From  these  tubes 
the  torpedoes  are  to  be  expelled  by  means  of  compressed 
air  forced  in  by  pumps  worked  by  a  steam-engine.  A 
small  pipe  connects  the  tube  with  a  Kingston  valve  in 
the  bilge  of  the  ship.  The  torpedo  used  in  this  vessel 
is  represented  to  be  an  improvement  over  the  weapon 
for  which  the  patent  was  purchased  by  the  British 
Government.  It  is  cigar-shaped,  is  about  17  feet 
6  inches  long,  by  15  inches  in  diameter,  at  the  centre ; 
and  the  pressure  of  air  contained  in  its  chamber,  when 
launched  from  the  tube,  is  stated  to  be  1,000  pounds 
per  square  inch.  To  use  the  torpedo  it  is  first  charged 
with  air  to  the  desired  pressure  by  means  of  an  air¬ 
compressing  pump,  and  then  set  to  the  depth  and 
distance  intended  to  be  run,  after  which  the  fore 
end  containing  the  explosive  charge  is  secured,  and 
the  percussion  arrangement  properly  adjusted.  The 
torpedo  being  then  ready  for  action  it  is  pushed  into 
the  launching-tube,  the  valve  behind  is  closed,  and  the 
water  I'rom  the  Kingston  valve  admitted  into  the  tube. 
A  pump  in  the  engine-room  supplies  air  to  a  reservoir 
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■under  a  high  pressure,  and  when  it  is  wislied  to  discharge 
the  torpedo,  the  exit-valve  of  the  tube  being  open, 
communication  is  opened  between  the  reservoir  and  an 
apparatus  in  the  rear  end  of  the  launching-tube,  which 
forces  the  torpedo  out  with  great  velocity,  at  the  same 
instant  tripping  its  air-valve,  which  sets  in  motion  the  en¬ 
gine  that  works  the  screw-propeller  by  the  self-contained 
power  accumulated  in  the  air-chamber.  The  speed  at 
which  the  torpedo  leaves  the  ship  is  represented  to  be 
18  miles  per  hour;  and  it  will  maintain  this  speed 
for  a  short  distance  with  a  given  immersion,  after  which 
the  speed,  consequent  upon  lessened  pressure  in  the 
air-chamber  as  the  engine  works  it  off,  will  gradually 
diminish,  until  the  distance  of  about  2,500  feet  from 
the  starting-point  is  reached,  when  it  will  have  run  its 
course.  The  slower  the  velocity  at  which  it  is  started 
tlie  greater  the  distance  it  will  run,  depending  on  the 
capacity  of  the  air-chamber  and  the  pressure  of  air 
contained  therein.  The  line  of  horizontal  travel  is 
preserved  by  regulating-mechanism  with  which  the 
weapon  is  provided. 

The  principal  features  of  construction  of  tlie  White- 
head-Luppis  fish-torpedo  are  unknown  to  the  public, 
for  its  mechanism  has  been  successfully  kept  a  secret 
since  its  first  introduction  to  notice.  Each  of  the 
several  European  governments  which  purchased  the 
secret  appointed  a  small  number  of  officers  to  be  put  in 
possession  of  a  complete  set  of  drawings  furnished  with 
the  weapons,  and  they  are  bound  on  honour  not  to 
reveal  tlie  method  of  working.  Many  attenqits  have 
been  made  to  describe  the  invention,  but  none  of  them 
were  of  any  value  until  Lieut.  E.  M.  Barber,  U.S.N., 
entered  the  field  and  wrote  an  exceedingly  clear  and 
comprehensive  paper,  delivered  as  a  lecture  at  Newport, 
E.I.,  on  the  20th  of  November  1874.  This  paper  not 
only  gives  a  clear  understanding  of  the  supposed  con¬ 
struction  in  all  its  essential  features,  but  also  points 
put  to  ingenious  mechanical  minds  ideas  for  producing 
similar  projectile  torpedoes. 
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It  may  not  be  out  of  plaoe  here  to  say  what  is  known 
to  naval  officers,  but  not  to  tlie  public,  viz.,  that  as 
before  represented,  the  torpedo  is  cigar-shaped,  or  more 
properly  approaching  in  form  to  a  spindle.  It  is  made 
of  thin  metal,  either  iron  or  steel;  the  fore  end  con¬ 
taining  the  explosive  material,  is  made  separately  and 
secured  to  the  main  body  wlien  desired.  The  air- 
reservoir  next  adjoining  the  fore  end  constitutes  about 
one-half  of  the  torpedo-vessel,  and  its  strength  must  be 
very  great  to  withstand  the  pressure.  Abaft  this 
reservoir  is  a  set  of  three-cylinder  engines  worked  by 
air  received  through  a  pipe  from  the  reservoir.  The 
screw-propeller  driven  by  the  engines  is  connected  by 
a  shaft  passing  through  a  tube.  There  is  a  rudder  or 
external  mechanism  capable  of  regulating  the  depth 
under  water  at  which  the  torpedo  shall  advance,  and 
also  of  keeping  it  straight  or  sending  it  on  any  curve 
which  may  be  desired,  taking  into  account  currents 
and  eddies.  It  has  been  announced  that  the  torpedo 
can  be  sent  to  run  a  straight  course  under  water  of  from 
600  to  6,000  feet,  according  to  its  speed  from  18  knots 
per  hour  to  9  knots;  that  at  a  starting  speed  of  5  knots 
a  range  of  12,000  feet  may  be  reached,  and  that  the 
charge  is  sure  of  exploding  on  striking  its  object ;  that 
it  can  be  arranged  so  as  to  half-cock  or  full-cock  its 
trigger  when  approaching  the  object  at  which  it  is 
directed,  and  to  rise  near  the  water-line,  or  sink  to  the 
keel  of  the  enemy’s  ship,  as  may  be  desired.  If  it 
misses  its  aim,  a  safety-pin  is  released,  and  the  torpedo 
goes  harmlessly  away,  to  be  recovered  at  any  future  time. 

The  weak  point  of  the  instrument  is  that,  being 
propelled  by  an  air-engine,  the  speed  naturally  decreases 
with  the  decreased  pressure  in  the  air-chamber,  and 
although  a  very  high  rate  of  speed  is  insured  through¬ 
out  the  journey,  the  velocity  is  the  least  at  the  termina¬ 
tion  of  the  course,  when  speed  for  the  purpose  of 
breaking  through  guards  or  netting  around  a  ship  is 
most  desired. 

England,  France,  Germany,  Austria,  and  Italy  have 
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purchased  the  right  to  use  this  torpedo,  and  Spain  and 
Eussia  will  probably  soon  follow  in  securing  the  secret. 
Tlie  first-named  governments  have  paid,  it  is  reported, 
about  £15,000  for  the  privilege  of  its  use,  with  examples 
and  drawings.  The  improvement  and  development  of 
the  instrument  and  system  of  working  it  is  an  object 
of  continued  study  and  experiment  in  England,  at  the 
Eoyal  Arsenal,  Woolwich,  and  in  the  Eiver  Medway ;  by 
the  Italians  at  Venice ;  by  the  French  at  the  mouth  of 
the  Charente  ;  by  Austria  at  Fiume,  where  the  inventor 
has  his  factory  ;  and  by  the  Germans  in  the  North  Sea. 
The  German  Government  intends  to  determine,  by 
careful  experiment  at  sea,  whether  it  can  be  delivered 
with  certainty  from  a  ship  more  or  less  in  motion  riding 
on  waves,  against  another  vessel  similarly  circumstanced, 
and  perhaps  moving  under  sails ;  in  fact,  under  all  con¬ 
ditions  likely  to  happen  in  war.  For  this  purpose, 
about  £73,000  has  been  appropriated,  together  with 
the  cost  of  the  Ziethen,  the  patent-fees,  and  torpedoes, 
and  it  is  intended  to  expend  an  additional  £31,000  ii 
the  experiments  justify  it.* 

*  The  most  successful  automatic  or  self-propelling  torpedo  tested  in 
the  United  States,  is  the  one' invented  by  Mr.  Jolm  L.  Lay,  late  an 
engineer  officer  in  the  United  States  Navy.  A  specimen  of  this  torpedo  - 
was  shown  at  the  Centennial  Exhibition.  It  was  made  of  boiler-iron ; 
was  shaped  like  a  spindle,  28  feet  S  inches  in  length,  and  was  divided 
into  four  compartments.  The  front  end,  technically  called  the  nose, 
contains  the  explosive  material,  viz.,  about  3i'0  pounds  of  powder  and 
75  pounds  of  dynamite.  The  motive  power,  wnich  consists  of  carbonic- 
acid  gas  generated  in  the  usual  way,  is  conducted  from  the  generating 
apparatus,  through  iron  tubes  to  the  engine,  which  is  in  the  foruth 
section,  and  which  works  the  screw-propeller.  The  initial  pressure 
is  about  forty  atmospheres.  The  third,  or  middle  section,  contains  a 
roll  of  two  or  more  miles  of  insulated  wire,  which  is  paid  out  from  the 
torpedo  itself,  and  serves  to  keep  up  electrical  connection  with  the 
tiring  station.  The  torpedo  is  submerged  to  about  four-fifths  of  its 
volume.  The  maximum  speed  claimed  is  lOJ  knots,  but  it  seems  from 
the  Newport  experiment  that  7  knots  only  were  obtained.  The  instru¬ 
ment  is  entirely  under  the  control  of  the  electrician,  who,  by  means  of 
a  series  of  contacts,  opens  or  closes  the  communicating  valves,  and  thus 
increases  or  diminishes  the  speed,  and  stops  or  starts  the  torpedo  as 
.required.  It  may  be  fired  either  by  contact  or  by  closing  the  electric 
^circuit.  Its  position  is  always  kept  in  view  by  a  rod  projecting  from  its 
upper  surface. 
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The  first  torpedo-boat  constructed  by  the  English  for 
ejecting  the  Whitehead  fish-torpedo  through  a  launch- 
ing-tube  was  the  Vesuvius,  an  iron  vessel  of  241  tons, 
built  in  1874.  This  vessel  has  one  tube  in  the  fore 
end,  and  she  has  been  used  in  Portchester  Lake,  near 
Portsmouth,  as  a  school  of  instruction  in  the  use  of 
the  Whitehead  torpedo  for  both  executive  and  engineer 
officers.  The  naval  authorities  of  England,  G-ermany, 
and  other  European  countries  take  advantage  of  tlie 
mechanical  knowledge  of  their  naval  engineers,  and 
employ  them  in  their  torpedo-service  as  well  as  in  all 
naval-machinery  work. 

Several  other  vessels  for  torpedo-service  exclusively, 
have  been  projected  by  the  British  Admiralty,  besides 
which  it  has  been  determined  to  apply  the  apparatus 
for  working  the  Whitehead  torpedo  to  all  vessels,  both 
armoured  and  unarmoured,  fitted  out  for  service.* 
The  first  ship  to  which  the  necessary  machinery  for 
working  it  has  been  adapted  was  the  powerful  coast- 
defence  vessel  Glatton.  In  this  vessel,  fitted  for  the 
purpose  last  summer,  the  tube  is  on  the  broadside 
below  the  armour,  and  a  similar  arrangement  will  pro¬ 
bably  be  made  in  other  vessels  fitted  for  sea.  The 
German  torpedo-boat  Uhlan  was  built  in  Germany  by 
the  Stettin  Engine  Company,  and  launched  early  in 
the  summer  of  1876.  The  German  papers  announced 
the  leading  features  of  the  boat,  as  follows  : — 

“  This  vessel  will  receive  a  torpedo  charged  with  dyna¬ 
mite,  to  be  carried  on  a  10-foot  ram,  lying  deeply  under 
the  water-line ;  which  torpedo  is  to  explode  on  contact 
with  the  hostile  ship.  To  protect  the  torpedo-boat 
from  the  results  of  the  discharge  of  its  own  torpedo, 
the  vessel  is  built  with  two  complete  fore  parts,  sliding 
one  within  the  other,  and  having  a  considerable  extent 
of  intermediate  space  between  them.  This  space  is 
filled  with  a  tough  and  elastic  material  (cork  and 

*  The  British  Admiralty  have  recently  ordered  200  Whitehead  fish- 
torpedoes  from  the  inventor,  and  also  a  large  number  to  be  manufac¬ 
tured  at  the  Woolwich  Arsenal. 
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marine  glue),  and  thus,  if  even  the  bows  were  carried 
off,  there  would  be  a  second  line  of  resistance.  The 
object  of  the  filling  is  to  act  like  a  buffer,  deadening 
the  blow  and  protecting  the  stem. 

“Another  striking  feature  is  the  great  power  of  the 
engines.  The  Uhlan  carries  engines  of  1,000  indica¬ 
ted  horse-power.  The  steam  is  supplied  by  Belleville’s 
tubular  generator.  The  vessel,  in  fact,  is  all  machinery, 
only  a  very  small  space  being  left  for  coals  and  crew. 
The  great  power  of  the  engines  is  necessitated  by  two 
circumstances.  In  the  first  place,  the  steamer  has  to 
be  propelled  at  a  high  speed,  and  it  has  a  very  great 
draught,  so  as  to  offer  but  little  scope  to  projectiles. 
In  the  next  place,  the  greatest  facility  of  steering  or 
manoenvering  had  to  be  attained  ;  hence  the  proportion 
of  width  to  length,  25  to  70  feet.  In  order  to  save  the 
crew  at  the  worst,  a  raft  has  been  constructed,  which  is 
filled  with  the  above  mixture  of  cork  and  marine  glue, 
and  is  placed  near  the  helm.  When  the  Uhlan  enters  into 
action  the  dynamite  cartridge  is  to  be  fixed  by  divers 
at  the  point  of  the  ram.  The  rudder  is  then  to  be 
fixed ;  and  the  crew  are  to  open  a  wide  port  on  the 
ship’s  side,  and  with  their  raft  jump  into  the  water.  The 
steamer  is  then  to  be  allowed  to  rush  forward  and  burst 
its  cartridge  on  the  enemy’s  armour.  The  crew,  how¬ 
ever,  are  to  hold  on  to  the  torpedo-boat  by  a  line  while 
they  are  awaiting  the  result  of  the  explosion  ;  and  in 
case  their  boat  is  not  hurt  they  are  to  board  it  again, 
in  order,  if  necessary,  to  repeat  the  manoeuvre.  The 
price  of  this  torpedo-boat  is  about  200,000  thalers” 
(£30,000). 

Spar-torpedo  launches  for  marine  Avarfare  are  now 
being  generally  adopted  in  the  service  of  all  foreign 
navies.  They  may  be  divided  into  two  classes,  viz, 
those  intended  for  river  service  and  those  designed  for 
ocean  purposes ;  both  classes  are  built  either  of  iron  or 
steel.  The  first  are  usually  about  45  feet  long  and 
7  feet  6  inches  broad,  with  a  draught  of  water  of  about 
3  feet  6  inches,  and  have  2  feet  free-board.  The  frames 
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are  made  of  l-incii  angle-iron  with  |^-inch  reverses ; 
the  plates  being  ^  inch  thick  at  the  keel  and  ’^^ch 
at  the  gunwale.  There  is  a  steel  turtle-back  shield 
I"  inch  thick  forward,  to  afford  protection  to  the 
men  and  steering-wheel,  and  to  throw  off  the  water 
which  might  come  on  board  from  the  explosion  of  the 
torpedo.  The  engine  and  boiler  hatches  are  also 
provided  with  steel  sliding  covers.  For  boats  of  this 
size  the  engines  are  in  one  pair  and  drive  a  single 
screw ;  they  are  vertical,  direct-acting,  and  non-con¬ 
densing,  with  a  maximum  indicated  power  of  about 
sixty  horses. 

The  diameter  of  each  cylinder  is  7  inches,  and  the 
stroke  7^  inches.  The  boiler  is  of  the  locomotive  type, 
made  of  the  best  Lowmoor  iron,  and  capable  of  being 
worked  to  140  pounds  pressure  per  square  inch,  and 
the  maximum  speed  of  the  boat  is  from  13  to  14  knots 
per  hour.  The  boats  intended  for  ocean-work  are  de¬ 
signed  to  be  navigated  in  any  weather  short  of  a  storm, 
and  are  made  on  the  same  principle,  but  with  larger 
scantling,  greater  draught  of  water,  and  more  height 
of  free-board. 

In  Mr.  Thornycroft’s  celebrated  steam-yacht  building 
yard  at  Chiswick,  on  the  Thames,  a  torpedo-boat  was 
being  completed  for  the  Swedish  government  in  1876. 
She  is  58  feet  long,  7  feet  6  inches  beam,  and  3  feet 
draught  of  water,  and  is  built  entirely  of  steel,  as  light 
as  will  possibly  hold  together,  the  bottom  plating  being 
only  of  an  inch  thick ;  the  top  of  this  boat  is  com¬ 
pletely  covered  with  a  very  thin  steel  deck  over  the 
central  portion.  The  engines  are  surface-condensing, 
and  all  the  working  parts  are  of  steel.  At  the 
measured-mile  run,  the  engines  made  upwards  of  500 
revolutions  per  minute,  and  the  boat  obtained  a  mean 
speed  of  17  miles  per  hour.  This  kind  of  trial  is, 
however,  no  evidence  of  the  speed  for  several  hours 
consecutively.* 

*  The  boats  built  by  Mr.  Tliornycroft  are  driven  by  screw-pro¬ 
pellers  of  bis  own  invention.  They  are  generally  tbree-bladed,  with 
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On  one  occasion  of  the  trial  of  a  boat  of  extraordinary 
speed  on  the  measured  mile,  an  opportunity  of  witness¬ 
ing  the  modus  operandi  was  ofiered  which  furnished 
evidence  as  to  the  worthlessness  of  some  of  these  trials 
for  any  practical  purpose.  The  machinery  was  put  in 
the  very  best  order  for  the  race ;  all  weights  were  left 
out  of  the  boat  except  fuel  and  w^ater  for  the  occasion 
and  the  few  men  necessary  to  operate  the  machinery 
and  steer,  besides  a  very  limited  number  of  observers. 
The  coal  was  hand-picked  and  of  the  best  quality, 
carried  in  bags  ;  the  men  were  experienced  hands, 
the  fires  put  in  the  best  order,  the  steam  bottled 
up  to  the  extreme  pressure  until  the  boat  approached 
the  marks,  when  the  valves  w'ere  opened  wide,  and 
the  fires  driven  by  a  fan-blast  sufficient  to  keep  up 
the  pressure  for  the  three  or  four  minutes  required 
to  run  the  single  mile. 

During  1875  a  torpedo-boat  for  ocean  purposes  was 
built  by  Messrs.  Yarrow  &  Hedley,  on  the  Thames, 
for  the  navy  of  Holland.  It  is  66  feet  long,  10  broad, 
and  feet  deep,  and  is  driven  by  a  pair  of  in¬ 
verted,  direct-acting  engines,  of  11  inches  diameter  of 
cylinders  and  14  inches  stroke  of  pistons.  The  boiler 
is  of  the  locomotive  type,  with  a  total  heating-surface  of 
450  square  feet,  and  a  working-pressure  of  140  pounds 
per  square  inch  ;  the  estimated  maximum  liorse-power 
is  200.  This  firm  has  recently  had  in  course  of  con¬ 
struction  one  of  their  fast  torpedo-steamers  for  the 
Eussian  service  in  the  Black  Sea.  It  is  85  feet  in  length, 
and  the  guaranteed  speed  on  the  measured  mile  is 
20  knots  per  hour. 


the  driving-faces  of  the  blades  slightly  concave,  and  the  opposite  faces 
convex.  In  his  letters-patent  granted  in  the  United  States,  24tli  of 
August  1875,  he  says: — “I  claim  as  my  invention:  Ist.  A  propeller, 
the  blades  of  which  are  projected  rearward  from  the  hub;  said  rear¬ 
ward  projectioir  being  most  prominent  nearest  tire  hub  and  decreasing 
toward  the  tips  of  the  blades  :  2nd.  A  propeller,  the  blades  of  which 
have  air  increasing  pitch  and  are  projected  rearward  from  the  hub,  said 
'  rearwai'd  projection  being  most  prominent  nearest  the  hub  and 
decreasing  toward  the  tips  of  the  blades.’’ 
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la  the  boats  provided  with  non-condensing  engines 
there  is  a  chamber  to  which  the  exhaust-steam  is 
conducted,  and  in  which  the  condensation  is  effected 
against  a  portion  of  the  skin  of  the  boat,  the  plates 
there  being  increased  in  thickness  ;  the  object  being 
simply  to  condense  the  steam  in  order  to  avoid  the 
noise,  and  not  to  obtain  a  vacuum. 

One  of  the  primary  conditions  required  for  these 
boats  is  high  speed ;  the  more  quickly  they  can  dart 
out  from  the  shelter  of  a  bank  or  ambush  and  approach 
an  adversary,  the  more  likely  they  are  to  escape  obser¬ 
vation.  Another  condition  is  that  the  machinery  shall 
be  noiseless.  This  condition  is  now  obtained  by  means 
of  the  exhaust-chamber  referred  to. 

The  English  Government  has  not  as  yet  done  much 
in  the  direction  of  special  torpedo-launches,  but 
ordinary  launches  and  cutters  have  been  fitted  for  this 
service.*  The  method  of  fitting  these  boats  hitherto 
adopted  has  been  to  cover  the  forepart  of  the  boat  with 
a  canopy  of  canvas,  to  work  the  torpedo-spar  on  out¬ 
riggers  placed  on  either  side  of  the  boat,  and  to  rig  it 
in  and  out  by  means  of  a  rope  worked  from  the  stern- 
sheets  ;  another  rope  being  attached  to  the  heel  of  the 
spar  to  ease  it  out  and  rig  it  in  again. 

They  have  also  adopted  the  electric  method  of  firing 
at  will  and  not  by  contact.  The  system  of  torpedoes 
employed,  and  the  method  of  working  the  spars  are  so 
well  known,  that  remarks  thereon  would  be  superfluous. 
It  may  be  mentioned,  however,  tliat  in  the  Dutch  boat 
referred  to  there  is  an  auxiliary  steam-engine  to  facili¬ 
tate  the  working  of  the  spars. 

The  Oheron  is  an  iron  vessel,  of  649  tons  B.  M.,  which 
has  for  several  years  past  been  used  for  carrying  into 
effect  a  series  of  extensive  and  costly  experiments,  by 
exploding  torpedoes  near  to  and  against  her  bottom ; 
the  chief  object  in  view  having  been  to  ascertain  the 

*  Since  this  was  written,  the  fast  torpedo  boat  Lightning  has  been 
ordered  of  Messrs.  Thornycroft  and  received  into  the  service,  and 
many  other  boats  of  the  type  are  now  under  construction.  (Ed.) 
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effect  of  torpedo  explosions  on  the  double  bottoms  of 
armoured  ships,  under  different  forms  of  construction  and 
various  conditions  of  attack.  For  this  purpose  the  vessel 
has  had  an  outer  bottom  built  to  the  inner  skin,  which 
is  intended  to  represent,  as  nearly  as  possible,  the  bottom 
of  the  broadside-armoured  ship  Hercules,  and  to  be  of 
about  the  same  strength. 

The  Oheron  has  an  original  ^inch  plate  bottom, 
single-riveted,  and  supported  by  angle-iron  trans¬ 
verse  frames  21  inches  apart.  These  frames  consist  of 
two  pieces  of  angle-iron  riveted  together.  The  second 
or  outer  bottom,  f  inch  thick,  is  fixed  at  a  distance  of 
3  feet  6  inches  from  the  inner  one  at  the  keel,  and 
2  feet  3  inches  above  the  water-line.  In  this  bottom 
every  alternate  plate  has  both  its  edges  double-riveted 
outside  those  of  the  adjacent  plates.  Along  the  centre 
of  each  of  these  alternate  or  outside  plates,  which  are 
those  that  first  come  in  contact  with  any  external  object, 
runs  a  longitudinal  frame  attached  also  to  the  inner 
bottom.  Transverse  frames  are  carried  round  at  intervals 
of  4  feet,  and  are  riveted  to  both  bottoms  by  means  of 
angle-irons.  Thus  the  space  between  the  two  bottoms 
of  the  ship  is  divided  up  by  the  longitudinal  and 
transverse  frames  into  spaces  something  like  cubes  or 
boxes,  the  top  and  bottom  of  such  boxes  being  furnished 
by  the  inner  and  outer  bottoms  of  the  ship,  and  the 
four  sides  by  the  frames  crossing  each  other.  To 
lessen  the  weight  of  metal,  circular  holes  are  cut  in 
the  middle  of  these  box-sides  in  most  cases.  Every 
fourth  transverse  frame,  however,  is  thoroughly  closed 
and  made  a  water-tight  bulkhead.  It  will  be  seen, 
therefore,  that  this  is  an  exceedingly  strong  bottom. 

The  several  experiments  made  with  this  vessel  have 
been  published  in  detail.  The  one  carried  out  in  June 
1876  was  considered  the  most  important  of  all, 
and  a  report  of  it  is  therefore  reproduced  here  from 
Engineering,  which  may  be  of  use  to  those  interested 
in  this  special  branch  of  naval  warfare ; — 

“The  Oheron  torpedo-hulk  was  placed  in  No.  10  dock 
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at  Portsmouth  on  Wednesday  afternoon,  and  the  water 
having  been  let  out,  on  Thursday  morning  it  was 
possible  for  the  first  time  to  observe  clearly  the  injuries 
she  sustained  from  the  torpedo  experiments  of  Monday. 
The  ship  is  divided  into  seven  water-tight  compart¬ 
ments,  of  which  the  two  in  the  immediate  neighbour¬ 
hood  of  the  discharges  were  destroyed  and  filled  with 
water.  The  bulkheads  of  four  of  tiie  others  remained 
intact,  but  permitted  the  water  to  leak  through,  but 
not  beyond  the  capacities  of  the  ordinary  ship’s  pumps 
to  keep  down.  The  centre  compartment  amidships 
remained  perfectly  dry;  and  as  this  was  the  largest 
in  the  vessel,  it  sufficed,  with  the  artificial  flotation 
which  was  afforded  by  upwards  of  300  casks  which 
were  packed  away  in  the  fore  and  aft  compartments,  to 
float  the  Oheron  at  high-tide,  and  enable  her  to  be 
taken  in  tow  with  little  difficulty.  In  consequence  of 
the  buoyancy  thus  imparted  to  her,  she  settled  with 
great  deliberation,  and  it  was  the  general  impression 
at  the  time  that  she  had  not  been  severely  hit,  and  least 
of  all  by  the  Harvey  torpedo,  which  had  been  suspended 
from  the  starboard  bow.  This  impression  was  effec¬ 
tually  dispelled  by  the  melancholy  spectacle  which 
presented,  itself  on  Thursday  morning  when  the  ship 
was  fully  exposed  in  dock.  Notwithstanding  the 
lightness  with  which  she  lay  in  the  water — she  only 
drew  11  feet,  and  consequently  bore  only  a  distant 
comparison  with  an  iron-clad  with  its  machinery  and 
weights  on  board — every  charge  seems  to  have  told 
with  terrible  effect,  any  one  of  tne  holes  being  sufficient 
of  itself  to  have  sunk  the  best  of  iron-clads,  in  spite 
of  the  Makaroff  mat  or  any  other  leak-stopping  de¬ 
vices  that  could  have  been  applied.  The  Harvey  tor¬ 
pedo,  which  contained  66  pounds  of  gunpowder,  has 
split  and  bulged  in  an  area  of  plating  of  the  outer 
bottom  about  16  feet  square,  extending  downward 
through  two  longitudinals  to  the  garboard  plates,  and 
laterally  to  the  water-tight  frame  on  each  side  of  No.  4, 
utterly  destroying  the  intermediate  brackets.  The 
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injury  here  is  very  clearly  defined,  the  longitudinals 
and  frames  having  apparently  acted  as  knives,  so 
cleanly  have  the  plates  forced  in  upon  them  been  cut 
through  in  the  direction  of  the  fibre  of  the  iron.  Had 
the  longitudinal  girders  been  placed  closer  together, 
the  resistance  would  have  been  greater,  and  the  damage 
to  the  inner  bottom  would  at  least  have  been  less. 
The  bracket-frames,  which  are  only  kept  in  position  by 
angle-irons,  seem  to  have  been  snapped,  and  doubled  up 
with  alarming  ease  by  the  force  of  the  concussion. 
The  inner  bottom  has  been  extensively  damaged  and 
bulged  in,  but  not  so  much  as  might  have  been  sup¬ 
posed  from  the  appearance  of  the  outer  skin,  the 
straightness  of  the  bows  having  allowed  much  of  the 
explosion  to  spend  itself  vertically.  As  might  have 
been  expected,  the  greatest  damage  is  exhibited  under 
the  bilge  on  each  side  of  No.  30-J^  frame,  against  which 
two  charges  respectively  of  33  pounds  of  slab  gun-cotton 
and  33  pounds  of  granulated  gun-cotton,  were  fired. 
Here  frightful  wounds  were  visible — wounds  which  are 
plainly  past  redemption.  The  holes  are  about  18  feet 
square  each,  and  extend  from  the  third  strake  below 
the  armour-shelf  well-nigh  to  the  keel-plating.  The 
greatest  force  appears  to  have  been  exerted  on  the 
starboard  side  by  the  granulated  preparation.  The  iron 
skin  has  been  torn  from  the  rivets,  the  girders  and 
bracket-frames  shot  away,  and  the  upper  plating 
wrenched  completely  off  from  their  supports  and  blown 
away.  The  port  side  of  the  same  frame  presents  a 
similarly  ruinous  aspect.  The  only  difference  is — and 
practically  it  is  one  without  a  distinction — that  the 
plates,  instead  of  being  broken  off,  are  lacerated  in 
all  directions  and  forced  upon  the  inner  bottom, 
which  here,  as  also  on  the  opposite  side  is  torn  and 
forced  inward.  With  the  exception  that  the  taffrail  is 
blown  away  and  the  galley  dismantled,  the  explosive 
^forces  seem  to  have  been  confined  for  the  most  part 
wdthin  well-defined  limits.  The  wounds  left  by  the 
previous  experiments  have  not  been  re-opened,  and 
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though  the  ship  must  have  been  lifted  fore  and  aft, 
the  fissures  amidships  do  not  appear  to  have  ex¬ 
tended.  It  is  probable  that,  after  a  careful  survey  has 
been  made,  the  Oheron  will  be  filled  with  coal,  and 
submitted  to  a  series  of  shell  experiments.  She  can 
be  of  no  further  use  for  torpedo  purposes.” 

It  is  impossible  not  to  be  struck  by  the  suggestive¬ 
ness  of  the  above-mentioned  experiments  with  reference 
to  the  future  not  only  of  naval  warfare,  but  of  naval 
architecture.  The  terrible  injury  which  the  Oheron 
has  sustained  proves  beyond  all  doubt  that  no  iron¬ 
clad  can  withstand  the  bursting  of  a  torpedo  in  contact 
with  her  bottom  ;  a  torpedo  would  prove  destructive 
almost  wherever  it  struck,  and  a  ship  could  hardly  be 
saved  by  any  turn  of  the  helm.  A  projectile  from  the 
81-ton  gun  would  probably  not  prove  utterly  destructive 
unless  it  hit  at  right  angles  with  the  keel ;  but  a 
torpedo,  so  long  as  it  hits,  no  matter  where,  would 
shatter  the  bottom  of  the  ship  over  an  area  large 
enough  to  cause  fatal  results.  The  larger  the  vessel 
the  more  likely  she  is  to  fall  a  prey  to  the  torpedo  or 
the  water-rocket.  Her  size  would  render  her  more 
susceptible  of  attack,  and  her  slower  speed  would 
make  it  more  difficult  to  get  out  of  the  way  of  an 
active  enemy.  Smaller  ships,  therefore,  would  seem  a 
necessity  of  the  time,  leaving  details  of  construction 
for  further  consideration.  The  question  of  stopping 
leaks  from  the  outside,  which  was  raised  in  the  case  of 
the  Vangitard,  again  suggests  itself  here.  It  would 
appear  tliat  this  was  the  most  hopeful  way  of  dealing 
with  a  leak  of  this  character,  where  there  is  so  much 
bent  plate ;  which,  while  it  is  very  difficult  to  repair, 
affords  support  to  the  sail  or  other  material  let  down 
over  it  from  the  outside.  Some  experiments  as  to  the 
possibility  of  closing  such  leaks  would  be  valuable. 

Contact  charges  and  the  action  of  the  movable  tor¬ 
pedo  lead  naturally  to  the  contemplation  of  the  probable 
effect  of  the  Whitehead  fish-torpedo.  On  every  ground 
this  has  become  a  grave  question  for  the  British 
Admiralty,  especially  since  it  has  been  found  that  it 
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can  be  dispatched  from  the  deck  of  armour-clad  or 
other  ships.  As  long  as  a  special  and  subordinate  class 
of  vessels  was  devoted  entirely  to  this  species  of  attack, 
and  had  to  carry  tubes  below  the  water-line,  it  was 
argued  that  approach  would  be  excessively  difficult ; 
but  when  the  heaviest  armour-clads  can,  without  sacri¬ 
ficing  anything,  avail  themselves  of  tliis  additional 
Aveapon,  the  question  wears  a  different  aspect. 

The  Paris  correspondent  of  the  Times  sent  to  that 
paper  the  following  notes  on  some  recent  intertjsting 
torpedo  experiments  with  one  of  Messrs.  Thornycroft’s 
spar  torpedo-boats : — 

‘‘  Some  very  interesting  experiments  were  made  a 
few  days  ago  at  Cherbourg,  with  the  little  torpedo- 
vessel  called  the  Thornycroft.  It  was  the  first  occa¬ 
sion  of  testing,  in  French  water,  whether  a  torpedo 
could  be  launched  against  a  ship  in  full  sail.  Ac¬ 
cordingly  Admiral  Jaurez,  who  commands  the  squadron, 
ordered  a  disabled  ship,  the  Bayonnaise,  during  a  rather 
rough  sea,  to  be  towed  out  by  a  steamer  belonging  to 
tlie  navy.  A  second  lieutenant,  M.  Lemoinne,  was  sent 
for,  and  informed  that  he  had  been  selected  to  make 
the  experiment  of  launching  the  Thornycroft  against 
the  Bayonnaise  Avhile  both  were  in  full  sail.  He 
accepted  the  mission  Avithout  hesitation,  picked  out  two 
enginemen  and  a  pilot,  and  went  doAvn  Avith  them  into 
the  interior  of  the  Thornycroft,  of  Avhich  only  a  small 
part  Avas  above  Avater,  this  visible  portion  being  painted 
of  a  greyish  colour  so  as  to  be  easily  confused  with  the 
sea..  The  torpedo  Avas  placed  so  as  to  project  from  the 
bow  of  the  vessel,  at  the  extremity  of  which  were  two 
lateen-sail  yards,  about  three  metres  in  length.  The 
towing-steamer  then  took  up  its  position  in  front  of  the 
squadron,  and  the  Thornycroft  also  assumed  the  position 
assigned  for  it,  an  interval  of  three  or  four  nautical  miles 
separating  the  torpedo  and  the  Bayonnaise.  On  a 
signal  bein^  given  both  Avere  set  in  motion,  the  steamer 
advancing  in  a  straight  line  and  the  Thornycroft 
.  obliquely,  so  as  to  take  the  Bayonnaise  in  flank.  The 
steam-tug  went  at  14  knots  an  hour,  going  at  full  speed 


OFFENSIVE  TORPEDO  WARFARE.  279 

in  order  to  escape  the  Thornycroft.  The  latter  went 
19  knots  an  hour,  a  rate  not  attained  by  any  vessel  in 
the  squadron.  The  chase  lasted  about  an  hour,  the 
squadron  keeping  in  the  rear,  so  as  to  witness  the 
operations.  At  the  end  ot‘  that  time  the  distance 
between  the  Thornycroft  and  the  Bayonnaise  had 
sensibly  diminished,  and  at  a  given  moment  the  former, 
in  order  to  come  up  with  the  latter  at  the  requisite 
distance,  had  to  slacken  speed  to  eight  knots  an  hour. 
Tlie  whole  squadron  watched  this  last  phase  of  the 
struggle  with  breathless  interest,  and  the  people  asked 
themselves  whether  the  shock  of  the  torpedo  would  not 
infallibly  destroy  the  little  vessel  which  bore  it.  It  was 
feared  that  the  lives  of  second-lieutenant  Lemoinne 
and  his  two  companions  were  absolutely  sacrificed. 
However,  the  two  vessels  got  visibly  nearer.  All  at 
once  the  Thornycroft  put  on  a  last  spurt,  and  struck  the 
Bayonnaise  with  its  whole  force  on  the  starboard-bow. 
The  sea  was  terribly  agitated,  a  deafening  report  was 
heard,  and  the  Bayonnaise,  with  a  rent  as  big  as  a  house, 
sank  with  wonderful  rapidity.  As  for  the  Thornycroft, 
rebounding  by  the  shock  about  15  metres  off,  even 
before  the  explosion  occurred,  it  went  round  and  round 
for  a  few  moments,  and  then  quietly  resumed  the  direc¬ 
tion  of  the  squadron.  No  trace  remained  of  the 
Bayonnaise ;  it  was  literally  swallowed  up  by  the  sea. 
Unanimous  plaudits  greeted  the  courageous  sailors  as 
they  joined  the  admiral’s  squadron  to  report  on  the 
mission  they  had  accomplished.  The  experiment  was 
repeated  two  days  later,  under  the  same  conditions, 
with  another  disabled  ship,  and  with  the  same  success ; 
and  in  the  opinion  of  competent  men,  this  is  one  of  the 
most  decisive  experiments  which  have  yet  been  made. 
The  little  torpedo-boat,  with  its  lateen-sail  yards,  re¬ 
sembles  a  small  gray  lizard,  and  is  scarcely  discernible 
in  the  water.  It  is  evident  that  a  single  boat  of  this 
kind  would  be  unable  to  approach  an  enemy’s  ship 
unless  at  dusk,  or  when  it  would  be  impossible  to  dis- 
tiuiruish  it  at  a  distance,  for  had  such  an  attack  been 
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attempted  in  broad  daylight,  the  Thornycroft  would 
manifestly  have  been  knocked  to  pieces  by  the  guns  of 
the  threatened  ship  before  it  could  have  carried  out  its 
project.  On  the  other  hand  it  would  be  quite  impossible 
for  one  or  even  several  ships  to  defend  themselves  against 
a  simultaneous  attack,  say  by  twenty  or  twenty-five 
Thornycrofts ;  and  as  these  cost  only  a  fiftieth  part  of 
the  expense  of  a  man-of-war,  this  experiment  presents  a 
formidable  problem  to  state  navies.  What  is  certain  is 
that  those  who  witnessed  the  affair  were  greatly  im¬ 
pressed  by  it,  and  are  persuaded  that  it  is  the  starting- 
point  of  an  inevitable  transformation  in  naval  tactics, 

“  It  appears  from  the  British  navy  estimates,  recently 
submitted  to  Parliament,  that  the  British  Admiralty 
intend  to  build,  during  the  ensuing  financial  year,  fifteen 
torpedo-vessels  for  harbour  defence;  also  one  vessel 
without  guns,  to  be  known  as  the  ‘  torpedo  ram.’  ”  * 


CHAPTER  XXII. 

BEITISH  NAVAL  DOCK-YAEDS. 

The  naval  dock  yards  of  Great  Britain  a,i’e  five  in 
number,  viz :  Portsmouth,  near  the  English  Channel ; 
Chatham,  on  The  River  Medway;  Devonpoi’t  and 
Keyham,  on  the  south-west  coast;  Sheerness,  at  the 
junction  of  the  Thames  and  Medway  ;  and  Pembroke, 
on  the'  coast  of  South  Wales.  During  the  last  few 
years  Woolwich  yard  has  been  abandoned  for  naval  pur¬ 
poses,  the  yard  at  Deptford  has  been  turned  over  to  the 
victualling  department,  and  Portsmouth  and  Chatham 
yards  have  been  largely  extended  and  their  capabilities 
greatly. increased.  A  brief  description,  therefore,  of  the 
five  first  named  will  be  given. 

Portsmouth  dock-yard  is  situated  near  the  English 

*  This  refers  to  the  estimates  for  1877-8.  (Ed.) 
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Cliannel.  It  is  fortified,  and  the  approaches  to  it  are 
well  protected.  It  possesses  a  capacious  natural  harbour  ; 
and,  in  respect  of  position,  extent  of  ground  covered, 
and  number  and  capacity  of  basins,  docks,  buildings, 
and  appliances  of  all  kinds  for  building,  repairing,  and 
equipping  ships  of  war,  occupies  the  foremost  place 
among  English  dock-yards.  In  1864  the  first  appro¬ 
priation  was  made  by  Parliament  for  its  extension  and 
improvement,  and,  with  the  aid  of  liberal  votes  since 
that  time,  the  work  has  been  steadily  progressing. 
The  old  yard  contains  two  basins  and  eleven  stone 
dry-docks,  and,  as  it  has  been  one  of  the  chief  seats  of 
manufactures  for  the  Poyal  Navy,  a  brief  description 
of  its  principal  workshops  may  be  found  instructive. 

On  the  north-east  side  of  the  old  yard  is  the  steam- 
basin,  where  the  steam-machinery  is  put  into  or  taken 
out  of  vessels,  or  where  general  machinery  repairs  are 
carried  on.  The  entrance  to  the  steam-basin  is  from 
the  harbour,  through  a  camber  or  dry-dock.  On 
the  eastern  end  of  the  basin  is  erected  a  pair  of 
box  wrought-iron  shears,  worked  by  steam,  which  are 
145  feet  high,  and  are  designed  chiefly  for  hoisting  and 
lowering  boilers  into  or  out  of  vessels.  The  shears 
bave  two  main  purchases  and  one  crab,  with  engines 
to  each  ;  these,  together  with  the  boiler,  are  located  at 
a  convenient  distance  from  the  basin.  On  the  same 
side  of  the  basin  there  is,  in  addition,  one  large  Fair- 
bairn  steam-crane,  with  boiler  and  engines  attached. 
Besides  these  appliances  for  raising  and  lowering 
weights,  there  are  on  the  borders  of  the  basin  five 
Fairbairn  cranes,  worked  by  manual  labour.  On  the 
east  side  of  the  basin  are  two  dry-docks.  Nos.  8  and  11  ; 
the  first,  300  feet,  and  the  second  nearly  400  feet  long, 
measured  on  the  bottoms.  On  the  west  side  of  the 
basin,  and  parallel  with  its  greatest  length,  are  the 
machine,  boiler,  erecting,  and  coppersmith-shops,  in 
one  building,  and  under  one  roof.  This  building,  like 
others  in  Portsmouth  dock-yard,  is  of  brick.  It  is  720 
feet  loug  by  40  feet  wide,  measured  inside,  and  two 
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storeys  high.  Entering  the  first  or  lower  storey,  the 
height  of  which  is  28  feet,  it  is  found  to  he  divided  by 
cross-walls  into  five  equal  compartments.  The  boiler- 
shop  and  boiler-making  machines  occupy  three  of  the 
north  divisions.  The  divisions  are  conveniently  arranged 
and  well  stocked  with  a  variety  of  superior  machinery, 
tools,  and  appliances  of  the  present  day.  The  division 
adjoining  the  boiler-shops  is  occupied  exclusively  as  a 
machine-erecting  shop.  It  has  but  one  travelling  crane, 
a  few  heavy  machines,  and  the  usual  mechanical  appli¬ 
ances.  The  next  or  north  division,  on  the  ground 
floor,  is  the  machine-shop  for  heavy  work.  It  is  pro¬ 
vided  with  travelling-cranes,  and  stocked  with  heavy 
machinery  and  tools.  Ascending  to  the  second  floor 
of  the  building  the  machine-shop  is  first  reached,  which 
is  provided  with  the  usual  machinery  and  tools  for 
fitting  and  finishing  light  work ;  and  afterward  the 
coppersmith-shop,  the  chemical  and  store  rooms.  It 
may  be  added  that  the  building  containing  the  various 
shops  just  named  was  built  originally  for  a  store-house, 
and  is  therefore  not  altogether  such  as  would  have 
been  designed  for  the  various  purposes  to  which  it  is 
now  put. 

On  the  south  side  of  the  basin  are  the  iron  and  brass 
foundries,  the  pattern-shops,  offices,  and  drawing  offices. 
The  iron-foundry  is  20(J  feet  long  by  45  feet  wide,  with 
30  feet  height  from  the  floor  to  the  bottom  of  the  over- 
head  cranes.  The  building  is  of  brick,  with  an  iron- 
frame  roof,  slated.  It  is  well  lighted,  and  the  internal 
arrangements  and  appliances  are  complete.  It  contains 
overhead  travellers  and  wall  cranes.  The  cupolas  are 
conveniently  placed,  and  there  are  hydraulic  lilts  for 
raising  materials  to  the  platforms.  At  right  angles  with 
this  building  is  another  of  equal  dimensions,  two  storeys 
high.  On  the  low'er  floor  of  tiiis  building  are  the 
foundry  cleaning  rooms  and  store-rooms.  On  the 
upper  floor  are  the  pattern-shop  and  pattern  store¬ 
room  in  separate  divisions.  The  pattern-shop  proper 
occupies  the  larger  portion  of  the  floor,  and  is  excellent 
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in  its  detail  of  arrangement.  A  complete  number  of 
wood-working  machines  are  ranged  on  one  side  of  the 
room,  and  the  work-benches  on  the  opposite  side.  The 
pattern-shop  stowage-room  has  a  complete  disti  ibution 
of  patterns.  They  are  contained  in  cases  with  iron 
frames  and  supports,  each  case  having  its  special 
patterns  clearly  rnarked,  and  each  pattern  its  special 
mark  in  plain  letters.  The  brass-foundry  is  also 
excellent.  It  is  one  storey  high,  105  feet  long  by  85 
feet  wide,  divided  longitudinally  by  a  wall  with  a 
centre  opening,  in  which  are  situated  the  cupolas  and 
air-furnaces,  arranged  to  discharge  the  metal  into  the 
division  prepared  for  making  the  heaviest  castings. 
In  the  opposite  division  are  the  crucible  furnaces. 
This  foundry  is  the  largest  and  most  complete  of  its  kind 
in  any  of  the  dock-yards,  and  in  it  are  made  heavy 
brass  castings  for  other  yards. 

On  the  west  side  of  the  machine  and  boiler  shops  are 
the  smithery  and  forge.  These  occupy  a  large  brick 
building,  with  a  metal  roof,  and  well  lighted  from  the 
sides.  It  contains  about  120  smithy  fires,  ranged  in  a 
quadrangle,  with  separate  pipes  from  each  pair  of  fires 
to  carry  off  the  smoke  and  gases.  The  forge  is  amply 
supplied  Avith  steam-hammers,  furnaces,  cranes,  and 
appliances  for  ordinary  work.  Heavy  shafts  are  not 
made  in  the  dock-yards.  Besides  this  smithery,  there 
is  a  smaller  one  on  the  south  side  of  the  basin. 

This  includes  all  the  works  denominated  steam 
factories,  and  no  more  need  be  said  of  them  beyond 
the  fact  that  they  are  of  insufficient  capacity,  and  the 
positions  of  some  of  the  buildings  are  objectionable.  An 
additional  building  is,  however,  being  erected  adjoining 
the  machine  and  boiler  shops  as  an  extension,  and  a 
new  factory  is  intended  to  be  built  in  the  not  distant 
future. 

Tire  next  building  that  claims  attention  is  the  one 
containing  the  block-making  machinery  invented  by  the 
celebrated  engineer,  Mr.  Brunei.  This  machinery  is 
the  most  complete  in  detail  of  the  various  machines  for 


284 


THE  WAR-SHIPS  OF  EUROPE. 


making  different  parts  of  blocks ;  it  is  perfect  in  com¬ 
bination,  and  up  to  the  present  day  has  not  been  super¬ 
seded  or  surpassed ;  by  it  the  wooden  blocks  for  all 
vessels  of  the  royal  navy  have  been  made  since  the 
early  part  of  the  present  century.  The  only  other 
building  for  mecbanical  purposes  to  be  noticed  is  tbe 
saw-mill,  which  is  two  storeys  high ;  the  lower  floors 
containing  all  the  usual  sawing-machines,  while  the 
upper  floors  are  provided  with  machines  for  light  work. 

Keturning  to  the  notice  of  the  dry-docks,  it  is  to  be 
observed  that  leading  from  the  steam-basin  to  the 
harbour,  in  a  south-westerly  direction  is  a  camber  or 
large  dry-dock.  It  is  644  feet  long  on  the  bottom,  and 
has  three  gates :  one  at  the  harbour  entrance,  one  in 
the  centre,  and  one  at  the  basin  outlet.  This  arrange¬ 
ment  admits  of  the  dock  being  used  as  two  or  one,  as 
may  be  desired.  There  is  also  a  basin,  south  of  the 
camber,  with  an  outlet  directly  from  the  harbour.  It  is 
used  chiefly  for  placing  vessels  in  to  be  fitted  out  for 
sea  or  to  be  docked.  Attached  to  it  are  four  dry-docks, 
namely.  Nos.  2,  3,  4,  and  5.  These  docks  were  con¬ 
structed  in  the  days  when  ships  were  much  shorter 
than  they  now  are.  They  are  of  the  following  lengths, 
all  measured  on  the  bottoms;  No.  2  is 220  feet  1  inch; 
No.  3,  270  feet  8  inches  ;  No.  4,  285  feet  4  inches;  and 
No.  5,  208  feet  9  inches.  South  of  the  basin  is  dry- 
clock  No.  1,  with  an  inlet  from  the  harbour;  its  length 
on  the  bottom  is  229  feet  4  inches.  North  of  the  basin 
is  dry-dock  No.  6,  also  with  an  inlet  from  the  harbour ; 
its  length  on  the  bottom  is  192  feet  8  inches.  Dry- 
dock  No.  9  is  in  the  north-west  corner  of  the  dock¬ 
yard  ;  its  length  is  253  feet  4  inches,  measured  on  the 
bottom.  All  the  docks,  building-slips,  and  basins  are 
formed  of  granite  blocks,  and  are  constructed  in  the 
most  substantial  manner. 

Between  dry-dock  No.  9  and  the  camber  are  the 
building  slips,  which  are  five  in  number.  They  are 
in  a  group,  covered  with  substantial  and  well-lighted 
sheds  ;  between  some  of  them,  in  a  line  with  the  vessels 
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building,  are  overhead  travelling-cranes  and  steam¬ 
hoisting  appliances  for  raising  materials  required  for 
the  carrying  on  of  the  work. 

Having  now  briefly  described  the  buildings  and 
appliances  in  which  the  principal  mechanical  operations 
are  carried  on,  it  will  only  be  necessary  to  name  the 
other  buildings,  and  to  add  that  all  of  them  have  heavy 
walls  and  are  capacious  and  sufficiently  substantial. 
These  are  the  following :  boiler-houses,  offices,  engine- 
houses  containing  engines  and  boilers  for  puinjiing  out 
the  docks ;  guard  and  store-houses,  police-stations, 
timber-sheds  and  wood-work  shops,  officers’  houses,  in 
which  reside  all  the  principal  officers  of  the  yard,  the 
admiral-superintendent’s  house,  tar-makiug  house, 
water-tank,  rope-making  house,  mast-making  house, 
boat-pond,  or  water-area,  in  which  ships’  boats  are 
floated,  store-houses,  rigging  and  sail  loft,  chain  and 
cable  stores,  &c. 

Chatham  dock-yard  is  situated  on  the  Eiver  Medway, 
about  twelve  miles  from  the  mouth  of  the  Thames.  It 
has  now  grown  in  importance  to  be  second  only  to 
Portsmouth  among  the  naval  dock-yards  of  the  world. 
Its  position  is  advantageous,  because  not  being  on  the 
coast,  but  far  up  the  river,  it  is  protected  against  a 
hostile  fleet  by  the  defences  of  Sheerness ;  besides 
which,  the  Medway,  from  Sbeeriiess  to  Chatham,  has 
the  natural  protection  of  high  land  on  both  sides,  which 
is  readily  convertible  into  positions  of  defence. 

The  old  dock-yard  pi’oper  has  a  considerable  river 
frontage,  and  the  several  docks,  building-slips,  resi¬ 
dences,  and  necessary  avenues,  cover  an  area  of  89 
acres.  By  a  vote  of  Parliament  in  1863,  St.  Mary’s 
Island,  adjoining  the  yard,  was  appropriated,  and  in  the 
following  year  the  work  of  extension  was  commenced 
upon  it.  This  island  contains  about  300  acres,  and  its 
position  having  been  somewhat  analagous  to  League 
Island  before  tiie  work  of  extension  was  commenced, 
lessons  may  be  drawn  in  America  from  a  study  of  its 
hydrographical  features. 
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The  work  of  extension  was  commenced  in  1864, 
and  is  now  very  considerably  advanced  towards  com¬ 
pletion.  The  estimated  total  cost  of  the  work  was 
£1,750,000  sterling,  but  it  is  now  seen  by  the  me¬ 
moranda  of  the  director  of  works  of  1875-76,  that 
the  total  ultimate  cost  of  the  whole  will  not  be  less 
than  £1,950,000.  A  very  large  part  of  tlie  work  has 
been  executed  by  contract,  and  a  small  portion  by 
convict  labour.  The  above  does  not  include  any  sum 
for  the  erection  of  buildings.  The  dii-ector  gives  as 
reasons  for  the  ultimate  cost  exceeding  the  estimates, 
the  extremely  treacherous  character  of  the  soil ;  a  large 
portion  of  the  work  having  been  executed  in  mud, 
water,  and  alluvial  deposits  of  very  varying  tenacity, 
at  a  great  depth  below  the  surface.  Fronting  the  river 
are  four  dry-docks  and  seven  building-slips.  The  first 
and  largest  is  of  sufficient  capacity  to  take  in  a  vessel 
390  feet  long,  and  the  second,  one  of  295  feet.  The 
third  and  fourth  are  comparatively  small.  The  dry- 
docks  and  slips  are  excavated  out  of  soft  ground,  but 
piled,  and  then  built  throughout  with  granite  blocks,  in 
a  similar  manner  to  those  in  the  other  British  dock¬ 
yards. 

The  building-slips  are  all  covered  with  substantial 
sheds,  four  of  which  are  grouped  side  by  side,  and  have 
the  appearance  of  one  building  roofed  in  four  spans. 
They  ai’e  constructed  solely  of  iron  and  glass,  afford 
ample  light,  and  will  last  for  a  long  time,  there  being 
no  danger  of  their  destruction  by  tire. 

In  the  intermediate  spaces  from  slip  to  slip  is  a 
sufficient  area  to  prepare  materials  for  vessels  building, 
the  whole  of  which  is  neatly  paved  or  laid  with  wooden 
blocks,  making  a  dry,  hard,  and  comfortable  floor,  both 
to  work  on  and  travel  over. 

The  sheds  are  provided  with  overhead  travellers 
sufficiently  elevated  to  be  above  the  largest  vessel  con¬ 
structed.  These  travellers  run  from  end  to  end  of  the 
building,  and  are  adapted  to  pick  up  material  from  the 
ground,  and  carry  it  to  and  place  it  in  any  part  of 
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the  vessel.  There  is  also  a  traveller,  between  two  of  the 
slips  adjoining  tlie  last  mentioned,  used  for  the  purpose 
of  moving  timber  which  has  been  or  is  to  be  prepared. 
There  are,  in  addition,  minor  facilities  for  the  purpose 
of  carrying  materials  to  or  from  the  vessels  under  con¬ 
struction.  The  want  of  basins  in  the  Chatham  dock¬ 
yard  has  always  been  a  great  inconvenience,  the  fitting 
and  repairing  of  vessels  having  to  be  done  in  the  river 
where  the  rise  and  fall  of  the  tide  is  considerable  and 
the  space  insufficient.  This  want  is  now  supplied  at  the 
new  yard.  There  are,  as  yet,  no  steam  factories  in  the 
yard,  but  there  is  an  old  ordinary  machine-shop,  two 
storeys  high ;  there  is  also  a  small  ordinary  iron- 
foundry,  containing  two  medium-sized  and  one  small 
cupola,  a  small  brass-foundry,  pattern-shop,  and  boiler¬ 
repairing  shop.  All  these  shops  are  used  merely  for 
jobbing  purposes.  The  ship-smithery,  constructed  many 
years  ago,  is  a  brick  building,  in  the  form  of  a  quad¬ 
rangle,  with  an  open  middle  court,  each  of  its  sides  being 
about  250  feet  in  length.  The  plan  of  the  building  is 
good,  and  if  properly  lighted  and  ventilated,  and  some 
simple  plan  were  adopted  for  carrying  off  the  smoke  and 
gas,  the  shop  would  be  unexceptionable.  The  various 
other  buildings  and  workshops  in  this  dock-yard  are, 
with  two  exceptions,  nearly  identical  with  those  named 
or  described  as  existing  in  the  other  royal  dock-yards, 
the  exceptions  being  a  copper-rolling  mill  and  saw-mill ; 
attached  to  the  latter  is  an  oar-making  machine,  which 
turns  out  all  the  oars  for  the  vessels  of  the  British 
navy.  The  copper-rolling  mill  contains  the  furnaces, 
machinery,  and  appliances  for  the  manufacture  of 
sheathing  and  bolts ;  and  it  has  turned  out  all  the 
sheathing  for  the  bottoms  of  the  vessels  of  the  navy. 
In  addition  to  the  copper-rolling  machinery,  &c.,  there 
are  rolls  and  facilities  for  the  manufacture  of  small¬ 
sized  angle  and  bar  iron. 

The  dock-yards  of  Devonport  and  Keyham  are 
situated  on  the  south-west  coast  of  England,  and  are 
employed  principally  as  repairing-yards. 
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Devonport  dock-yard  kas  existed  for  more  than  a 
century,  and  it  was  supposed  to  answer  all  the  require¬ 
ments  of  the  line-of-hattle  sailing-ship  period.  But 
after  the  introduction  of  steam,  it  was  thought  desxrable 
to  create  an  entirely  new  dock-yard,  namely,  Keyham, 
which  is  three-quarters  of  a  mile  distant  from  Devon¬ 
port.  Both  dock-yards  are  connected  under  ground  by 
a  tunnel,  and  are  controlled  by  one  general  superin¬ 
tendence.  Devonport  has  been  chiefly  the  department 
of  wooden-ship  building,  storage,  &c.,  while  Keyham  is 
the  department  of  steam-machinery  repairs  and  manu¬ 
factures;  the  latter  alone  invites  attention.  Besides, 
as  Keyham  is  a  modern  dock-yard,  established  not 
more  than  twenty  years  ago,  its  factories  are  greater 
in  extent  and  more  complete  in  detail  than  those  of 
any  other  dock-yard  in  England  or  France. 

Keyham  dock-yard  contains  two  basins  and  four  dry- 
docks.  The  nortli  basin  is  of  sufficient  depth  to  take  in 
vessels  of  any  size  afloat.  Around  the  basin  are  all  the 
needful  mechanical  appliances  for  raising  weights  into 
or  out  of  vessels.  The  south  basin  is  entered  from  the 
harbour  and  also  from  the  north  basin.  It  has  three 
dry-docks  attached  to  it,  one  of  which  is  600  feet  in 
length.  As  a  matter  of  convenience,  to  facilitate  the 
movement  of  weights  to  and  from  the  vessels  in  dock, 
railway  lines  extend  parallel  with  either  side  of  the 
dock,  while  travelling  steam-cranes,  with  boilers  and 
engines  attached,  pass  over  them  and  perform  the 
work  of  carrying  material  to  or  from  the  vessels  under 
repair  or  fitting  out.  One  of  the  rails  is  laid  directly 
on  the  edge  of  the  top  surface  of  the  dock,  and  the 
other  on  beams  projecting  over  the  edge  and  supported 
by  uprights;  the  cranes  being  thus  brought  within 
reaching  distance  of  the  vessels.  The  other  two  dry 
docks  differ  only  in  length  and  in  the  absence  of 
mechanical  facilities  for  raising  weights. 

The  machine-works,  foundries,  smitheries,  boiler¬ 
making  and  pattern  shops,  copper-making  and  tin  shops 
(which  in  Great  Britain  are  denominated  steam  factories) 
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ai’e  the  chief  features  of  Keyliam  dock-yard.  They 
are  grouped  together  in  a  quadrangle  890  feet  long  by 
580  feet  wide.  The  area  in  the  centre  of  the  group  is 
substantially  covered  with  a  slate  roof,  supported  on 
cast-iron  columns,  and  lighted  from  the  top.  The 
covered  centre  area  is  formed  into  divisions  by  seven 
longitudinal  rows  of  columns.  Railway  lines  extend 
through  two  of  the  divisions  of  the  buildings,  and  pro¬ 
vision  exists  for  steam  travelling-cranes.  The  whole  of 
the  covered  centre  area  admits  of  being  appropriated 
for  workshops,  and  some  of  it  has  been  partitioned  off 
and  so  appropriated.  Within  these  appropriations  are 
the  smither}^  and  forge,  the  copper-smiths’  shop  and 
the  boiler-making  smiths’  shop  ;  the  smithery  and  forge 
occupying  a  division  at  the  south  end. 

Sheer  ness  dock-yard  is  rated  as  second-class,  and  is 
employed  as  a  repairing  and  fitting-out  yard.  There 
are  no  extensive  steam  factories  in  it,  and  it  contains 
only  one  building-slip  for  the  construction  of  small 
vessels.  There  are,  however,  three  basins  and  five  dry- 
docks,  and  all  the  necessary  facilities  for  repairing  and 
equipping  vessels  for  sea. 

Pembroke  dock-yard,  situated  on  the  coast  of  South 
Wales,  is  employed  exclusively  as  a  building-yard. 
Some  of  the  heaviest  armoured  ships  have  been  built 
here. 

Briefly  described,  such  are  the  dock-yards  of  the 
British  navy.  Any  one  of  them  is  worthy  of  an  in¬ 
spection,  and  in  some  fhe  tout  ensemble  is  imposing. 
The  number  of  stone  dry-docks  at  present  completed  in 
the  five  yards  is  thirty-seven.  The  number  of  building- 
slips  having  sheds  over  them  is  thirty-one,  and  the 
several  basins  have  an  aggregate  water-area  of  about 
130  acres. 

Neither  ordnance  nor  provisions  are  supplied  from 
the  dock-yards.  The  armaments  for  all  vessels  of  the 
navy,  as  well  as  for  fortifications  and  the  army,  are 
manufactured  and  supplied  from  the  great  arsenal  at 
Woolwich,  Provisions  for  the  ships  at  home  are  sup- 
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plied  from  the  victualling-yards  at  Deptford,  Gosport, 
Plymouth,  and  Haulbowline. 

In  addition  to  the  large  naval  dock-yard  facilities, 
the  British  Government  can  in  emergencies  command 
any  of  the  private  iron-ship-building  yards  on  the 
Clyde,  the  Tyne,  the  Mersey,  the  Thames,  and  other 
rivers,  numbering  in  the  aggregate  about  fifty  ;  also 
as  many  engine-factories  in  the  kingdom  as  may  be 
desired,  besides  any  number  of  stone  dry -docks  belong¬ 
ing  to  private  companies. 

The  administration  of  the  dock-yards  is  conducted 
under  the  system  of  civil  employment.  The  officer  in 
charge  of  each  yard  is  called  the  superintendent.  The 
term  “command”  or  “commanding  officer”  is  on  no 
occasion  used,  and  there  is  no  “  aid  or  executive  officer  ” 
to  tlie  superintendent. 

Alter  the  superintendent,  the  principal  officers  of  the 
yard  are  named  in  the  order  of  precedence  as  follows  : 

The  master  attendant. 

The  chief  constructor. 

The  chief  engineer. 

The  assistant  master  attendant. 

The  store-keeper. 

The  accountant. 

The  cashier. 

The  superintending  civil  engineer. 

The  chaplain. 

The  surgeon. 

The  superintendent  in  the  largest  yards  is  a  rear- 
admiral,  and  in  the  small  yards  he  is  a  captain.  He 
has  full  and  complete  authority  over  all  officers  and 
other  persons  whomsoever  employed  in  the  dock-yard, 
and  control  over  every  part  of  the  business  carried  on 
therein.  In  his  absence  the  captain  of  the  steam 
)eserve  is  charged  with  the  duties,  and  in  the  absence 
of  both  these  officers,  “  the  other  officers  are  authorized 
to  take  charge  of  the  yard,  according  to  precedence  on 
the  list  above  named.”  The  duties  of  every  officer, 
I'oreman,  and  other  person  having  authority,  are 
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defined  in  great  detail  in  the  Admiralty  dock-yard 
instructions. 

The  superintendent  is  required  to  hold  at  his  office 
every  working  day,  at  9.30  a.m.,  a  meeting  of  the 
officers  above  named  (chaplain  and  surgeon  excepted), 
and  to  have  read  to  them  all  orders  and  despatches, 
except  such  as  may  be  marked  “  confidential.”  At  tliis 
meeting  the  captain  of  the  steam-reserve  is  also  to  be 
present. 

Besides  this  method  of  promptly  making  all  the 
principal  officers  daily  acquainted  with  the  business 
to  be  done,  each  one  is  furnished,  when  necessary, 
with  copies,  or  extracts  therefrom,  of  the  orders  per¬ 
taining  to  his  respective  depai’tment. 

The  duties  of  the  master  attendant  are  defined.  He 
is  to  attend  to  the  docking,  grounding,  and  graving  of 
all  ships,  by  day  or  night.  He  has  charge  of  the 
moorings  at  the  port,  of  all  the  yard  craft,  consisting 
of  tugs  and  vessels  of  all  kinds,  including  coal-hulks. 
He  attends  to  the  loading  of  stores,  he  superintends  the 
sail-loft,  rigging-house,  and  all  persons  employed  there¬ 
in,  besides  having  other  duties  connected  with  vessels ; 
but  he  has  nothing  whatever  to  do  with  any  mechanical 
department,  or  persons  employed  in  them.  He  has  the 
rank  of  staff-captain,  and  in  the  largest  yards  he  has 
one  and  sometimes  two  assistants. 

The  chief  constructor  is  to  cause  all  ships  and 
vessels  to  be  built,  and  all  work  to  be  executed  in 
strict  accordance  with  approved  drawings  and  specifi¬ 
cations.  He  has  charge  of  the  shipwrights  and  other 
workmen  belonging  to  the  ship-building  branch.  He 
has  the  direction  of  the  boatswain  and  labourers  under 
him.  He  has  charge  of  the  ship-smithy,  mast-house, 
boat-house,  joiners’  shop,  and  all  other  workshops 
appertaining  to  the  ship-building  branch,  and  all  fore¬ 
men  and  workmen  employed  therein.  His  assistant  is 
a  constructor;  but  in  the  absence  of  the  chief  con¬ 
structor,  the  chief  engineer  is  charged  with  his  duties. 

The  chief  engineer  has  the  superintendence  of  all 
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the  engines  and  boilers,  cranes,  shears,  capstans,  leading- 
blocks,  turn-tables,  weigh-bridges,  and  pumps  in  the 
dock-yard ;  also  tlie  machinery  at  the  smitheries  and 
saw-mills,  and  all  otiier  machinery  in  the  yard.  He  is 
charged  with  the  superintendence  of  the  ropery,  and  all 
pei'sons  employed  therein,  and  is  responsible  for  the 
steam  fire-engines  used  for  supplying  water  in  case  of 
fire. 

The  foremen  of  the  engineering  workshops  have, 
under  their  directions  and  those  of  their  assistants, 
charge  of  the  men  and  all  the  work  carried  on  therein 
and  on  board  vessels  under  repairs.  These  foremen 
are  answerable  for  the  conduct  of  the  leading  men  and 
workmen  employed  under  them,  and  responsible  for  all 
work  intrusted  to  their  supervision. 

In  the  absence  of  the  chief  engineer,  his  first  assis¬ 
tant  is  charged  with  the  duties. 

There  is  but  one  store-keeping  officer  to  a  dock-yard. 
He  has  charge  of  all  store-houses,  receiving-rooms, 
plank-sheds,  and  other  emdosures  used  for  the  storage 
of  timber  or  goods.  He  gives  receipts  for  all  stores 
received,  and  takes  receipts  for  all  stores  delivered,  and 
is  responsible  for  all  articles  in  store,  and  that  the 
accounts  in  relation  thereto  be  correctly  kept. 

The  accountant  has  to  audit  the  amount  paid  for 
wages  to  the  workmen  and  all  other  employes,  such 
audit  to  comprise  a  verification  of  the  accuracy  of  the 
authorities  I'or  the  entry  of  each  person  on  the  muster 
and  pay  books,  the  rates  of  pay,  the  amounts  cast  up 
as  due,  and  a  comparison  of  the  casualties  of  attendance 
rec'irded  in  the  muster  and  pay  books  with  those  in  the 
weekly  returns  of  lost  and  extra  time. 

Under  the  direction  of  the  cashier,  all  workmen  and 
labourers  employed  in  the  dock-yard  are  mustered  by 
l)ersons  attached  to  his  department,  and  the  several 
time-keepers  are  placed  in  charge  of  the  muster-galleries 
according  to  his  assignment.  Jlesides  which,  all  other 
(  responsible  duties  necessarily  belonging  to  such  an 
office  are  discharged  by  him. 
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The  dry-docks,  basuis,  and  other  important  public 
works,  are  constructed  from  plans  prepared  at  White¬ 
hall  by  the  dii-ector  of  works,  who  is  a  colonel  of  the 
Koyal  Engineers.  The  civil  engineer  attached  to  the 
yard  has  charge  of  the  architectural  works,  buildings, 
and  houses,  alterations  and  repairs  of  existing  build¬ 
ings  and  works,  also  the  supply  of  water  and  gas,  and 
the  maintenance  and  manacement  of  the  lines  of  rail- 
ways  in  the  dock-yard  to  which  he  is  attached.  ' 

Two  classes  of  workmen  are  employed,  distinct  from 
the  various  classes  and  grades  in  such  establishments. 
One  of  these  is  termed  “established  men,”  and  the 
other  “  hired  men.”  The  former  are  permanent,  are 
not  discharged  except  in  cases  of  great  emergency,  and 
are  pensioned  after  long  and  faithful  service. 

■Great  care  is  exercised  in  the  selection  of  all  work¬ 
men  and  boys.  “  The  superintendent  is  strictly  enjoined 
to  give  his  active  personal  attention  to  the  subject  of 
the  entry  of  men  when  wanted,  with  a  view  to  prevent 
any  abuse  or  irregularity ;  he  is  to  use  his  best  en¬ 
deavours  to  check  and  pi’event  any  attempts  being  made 
to  support  applications  for  employment  in  the  yard  by 
aid  of  interest  either  political  or  personal.”  The  best 
men  are  to  be  taken,  and  they  are  entered  on  probation 
for  a  fortnight,  with  the  understanding  that  they  will 
be  retained  if  at  the  end  of  the  prescribed  period  they 
shall  have  proved  themselves  competent,  but  if  other¬ 
wise,  they  are  discharged. 

Established  men  are  received  between  the  ages  of 
twenty-one  and  thirty-five  only.  They  must  be  passed 
by  the  medical  officers,  and  thoroughly  tested  as  to 
their  qualifications  as  workmen  before  their  appoint¬ 
ments  are  confirmed.  These  men  are  eligible  to  pro¬ 
motion  as  leading  men,  foremen,  &c. 

Boys  are  selected  by  competitive  examination,  and 
thoroughly  tested  before  being  made  permanent.  Hired 
men  are  also  selected  with  much  care,  but  they  are 
liable  to  discharge  in  the  event  of  the  reduction  of 
hands. 
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Under  the  heading  of  “Rules  for  Workmen”  (dock¬ 
yard  instructions),  is  the  following  paragraph  : — 

“No  interference,  direct  or  indirect,  is  to  be  exerted 
over  any  person,  whatever  be  his  rank  or  station,  in  the 
matter  of  the  elective  franchise ;  and  in  the  event  of 
elections  for  members  of  jjarliainent,  the  men  who  may 
be  qualified  to  vote  are  to  be  left  to  the  exercise  of 
their  unbiassed  judgment,  free  from  all  influence, 
inquiry,  let  or  hindrance;  and  no  canvassing  by  or  on 
the  part  of  any  candidate  is  to  be  permitted  within  the 
dock-yard  upon  any  pretence  whatever.” 

The  pay  of  all  emploves  is  regulated  by  the 
Admiralty  ;  it  is  the  same  for  each  class  or  grade  of 
men  in  every  dock-yard,  and  it  is  not  changed  to  suit 
varied  conditions.  The  working  hours  are  regulated 
by  Greenwicli  time,  and  are  the  same  in  every  yard. 
The  muster  of  men  is  by  ticket,  both  when  entering 
and  leaving  the  yard. 

No  marines  or  watchmen  are  employed  in  any  dock¬ 
yard.  The  cumniissioner  of  the  London  metropolitan 
police  details  a  force  of  intelligent  and  well-trained 
men,  sufficient  for  each  yard.  These  men  are  under 
the  orders  of  the  superintendent,  and  are  stationed  at 
the  gate  and  at  such  other  judiciously-chosen  places  in 
the  yard  as  the  superintendent  may  direct.  They 
perform  all  the  duties  of  watching  the  public  property 
in  the  dock-yard,  and  on  board  vessels  building,  and  at 
the  wharves,  both  by  day  and  night.  They  wear  the 
uniform  of  the  London  police,  perform  their  duties 
thoroughly,  and  are  highly  respected. 

All  officers,  clerks,  foremen,  leading  men,  established 
workmen,  and  crews  of  the  yard-craft  are  granted  pen¬ 
sions,  retiring  allowances,  or  gratuities,  according  to 
pay  and  length  of  service.  Ten  years’  service  will 
entitle  a  man  to  a  pension  or  superannuation  for  injuries 
received,  and  after  forty  years’  service  he  is  allowed  to 
retire  with  forty-sixtieths  of  his  full  pay,  intermediate 
(grates  being  graduated  between  these. 

All  the  principal  officers  and  clerks  must  be  super- 
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annuated  on  attaining-  the  age  of  seventy  years,  and  all 
infei’iOr  officers  and  workmen  are  superannuated  on 
attaining  the  age  of  sixty  years. 

All  tlie  principal  officers  of  each  yard  are  provided 
with  most  comfortable  houses  inside  the  walls,  taking 
precedence  as  they  are  named  on  the  foregoing  list. 

The  superintendent  wears  the  uniform  of  his  rank, 
but  no  professional  officer  wears  a  uniform  on  any 
occasion  whatever. 

The  number  of  persons  employed  in  each  of  tlie 
principal  dock-yards  averages  from  7,000  to  8,000  ; 
about  1,500  of  whom  are  under  the  supervision  of  the 
engineer  department. 

No  foreigner  is  permitted  to  enter  any  of  Her 
Britannic  Majesty’s  dock-yards  without  authority  given 
by  the  Admiralty  through  application  of  the  ambas¬ 
sador  or  minister  of  the  country  to  which  the  person 
belongs,  made  to  the  Secretary  of  State  for  JPoreign 
Affairs ;  naval  attaches  of  the  foreign  embassies  in 
London  excepted.  Foreigners,  including  officers, 
whether  singly  or  in  parties,  are  always  accompanied 
throughout  the  periods  of  their  visits  by  an  officer 
detailed  for  the  purpose,  and  while  all  necessary  atten¬ 
tion  is  given,  and  every  proper  facility  is  afforded  for 
viewing  the  works  and  ships  under  construction,  sketches 
or  written  notes  are  not  allowed  to  be  taken  except  by 
special  permission. 

The  system  of  dock-yard  administration  very  briefly 
sketched  in  the  foregoing  paragraphs  is  the  best  in 
existence. 

The  superintendent  and  principal  officers  are  selected 
especially  for  their  fitness,  and  not  because  they  may 
liave  claims  for  shore-duty  or  otherwise.  The  inferior 
officers  and  workmen  are  employed  solely  on  their 
merits,  and  are  mainly  well  trained,  efficient,  and 
laitbful;  besides  which,  the  permanence  of  employment 
adds  stability  and  gives  character  to  the  whole  staff 
of  employes. 

No  person  familiar  with  dock-yard  duties  and  with 
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workshops  generally,  at  home  and  abroad,  can  fail  to 
be  impressed  by  observing  the  prompt  and  business¬ 
like  way  in  which  the  duties  are  carried  on  in  these 
great  British  naval  establishments.  No  idle  officers 
or  loitering  persons  are  to  be  seen  in  any  place  within 
one  of  these  yards  during  the  working  hours. 

The  contrast  between  these  admirably  -  conducted 
establishments  and  those  of  France  and  other  conti¬ 
nental  countries,  Glermany  excepted,  is  noticeable  soon 
after  entering  the  gates ;  there,  and  especially  in 
France,  numerous  idle  officers  in  uniform  and  loitei- 
iug  workmen  may  be  seen  in  every  department 
entered. 


CHAPTER  XXIII, 

THE  EOYAL  NAVAL  COLLEGE. 

By  the  wish  of  Vice-Admiral  Sir  A.  Cooper  Key,* 
K.C.B.,  F.R.S.,  the  distinguished  officer  in  charge  of 
the  Royal  Naval  College,  at  Greenwich,  facilities 
have  been  afforded  for  visiting  that  institution  ;  and 
through  his  kind  personal  attention  the  privilege  of 
studying  the  system  of  education  adopted  has  been 
obtained.  This  establishment  stands  on  the  south 
bank  of  the  River  Thames,  six  miles  below  London 
Bridge,  on  the  site  of  the  old  royal  palace  in 
which  Henry  VIII.  was  born.  The  present  buildings 
('onsist  of  lour  blocks,  which  form  an  architectural 
group  unparalleled  in  modern  England.  They  were 
erected  under  the  reigns  of  different  sovereigns,  and 
are  known  respectively  as  King  Charles’s,  King 
William’s,  Queen  Anne’s,  and  Queen  Mary’s.  The 
first  was  erected  in  1665,  and  occupied  as  a  palace. 
Other  buildings,  additions  and  reconstructions,  followed 

^ *  Now  in  command  of  the  North  America  and  West  Indies  Station. 
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in  1667,  1669, 1712,  1740,  1750,  1769,  1789,  and  1811. 
Except  the  original  buildings  and  the  last,  they  were 
the  work  of  the  celebrated  architect,  Sir  Christopher 
Wren.  It  Avas  after  the  battle  of  La  Hogue,  in  1691, 
that  the  buildings  were  prepared  as  a  hospital,  and 
subsequently  became  the  asylum  for  the  old  and 
disabled  seamen  of  the  Royal  Navy.  They  were  used 
for  this  purpose  until  about  five  years  ago,  when  the 
Government  decided  to  abolish  the  system  of  providing 
a  home  for  their  old  seamen,  and  in  lieu  thereof  to 
grant  them  liberal  pensions,  and  to  permit  every  man 
entitled  to  its  benefits  to  live  with  his  family  or  else¬ 
where,  according  to  his  own  convenience. 

It  was  after  the  buildings  wmre  vacated  as  an  asylum, 
that  the  Queen,  by  an  order  in  couircil,  dated  the 
16th  of  January  1873,  sanctioned  the  founding  of  a 
royal  naval  college  at  Greenwich.  To  meet  the  new 
requirements,  each  building  was,  where  necessary, 
altered  internally  ;  but  no  external  alterations  or  addi¬ 
tions  were  permitted. 

The  site  w’ith  its  terrace,  860  feet  long,  by  the 
river,  is  attractive,  and  is  advantageous  in  many 
respects.  The  buildings  are  commodious,  the  several 
departments  admirably  arranged  and  fitted  for  utility 
and  comfort.  The  college  is  provided  with  chemical 
and  physical  laboratories,  instruments,  and  appliances 
embodying  the  latest  improvements,  and  on  a  scale 
which  their  lordships  state  has  hitherto  not  been 
possible  in  any  naval  establishment.  In  fitting  and 
equipping  this  important  school,  cost  has  not  been 
considered.  The  expenditures  under  the  direction  of 
the  president  for  the  internal  alterations  of  buildings, 
outfits  and  appliances  of  all  kinds,  during  the  first  year, 
amounted  to  the  sum  of  £81,500. 

For  the  management  of  the  college  there  is 
nominally  a  governor,  who  is  First  Lord  of  the 
Admiralty  and  a  member  of  Parliament ;  a  president, 
who  is  a  vice-admiral,  assisted  by  a  captain  in  the 
navy  in  matters  affecting  discipline,  &c.,  imconnected 
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with  study  ;  and  a  director  of  studies,  a  civilian,  under 
the  president,  who  superintends  the  whole  system  of 
instruction  and  the  various  courses  of  study. 

There  are  two  naval  officers,  instructors  in  nautical 
astronomy  and  navigation  ;  two  naval  instructors  corre¬ 
sponding  to  the  American  professors  of  mathematics ; 
and  four  engineer  officers,  instructors  in  steam,  in  marine 
engineering,  and  applied  mechanics.  The  remaining 
members  of  the  staff  of  instructors,  twenty  in  number, 
are  civilians,  and  most  of  them  are  distinguished  scien¬ 
tific  professors.  Beside  the  above-named,  there  is  one 
medical  officer  and  one  store-keeper,  who  also  acts  as 
cashier.  The  president,  his  assistant,  and  secretary  reside 
in  the  buildings  ;  all  the  instructors  reside  outside. 

All  officers  known  in  the  United  States  service  as 
line-officers  are  in  the  British  navy  denominated 
executive  officers.  They  are  appointed  at  an  early 
age,  and  placed  on  board  training-ships  as  naval 
cadets.  It  is  not  intended  to  provide  at  Greenwich 
for  the  education  of  these  cadets.  The  naval  college  is 
fitted  in  every  respect  for  the  education  of  officers  of 
all  ranks  above  that  of  midshipman,  in  all  branches 
of  theoretical  and  scientific  study  bearing  upon  their 
profession  ;  and  it  is  stated  that  while  every  possible 
advantage  in  res[)ect  to  scientific  education  will  be 
given,  no  arrangement  will  be  allowed  in  any  manner 
prejudicing  the  all-important  practical  training  in  the 
active  duties  of  the  profession.  It  is  after  the  cadets 
have  been  passed  to  acting  sub-lieutenants  and  acting 
navigating  sub-lieutenants,  that  they  enter  the  college 
for  final  instruction  and  graduation.  The,  college  is 
also  open,  under  limitations,  to  all  executive  officers 
below  flag-rank,  to  improve  or  prepare  for  promotion. 
It  is  at  this  college  that  all  the  officers  of  the 
engineering  branch  of  the  Royal  Navy  are  now  and  are 
hereafter  to  be  graduated.  To  this  corps  of  officers 
(public  attention  has  lately  been  especially  invited,  and 
})articulars  relating  to  it  may  therefore  be  of  interest. 

The  college  was  opened  on  the  1st  of  February  1873, 
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to  sub-lieutenants  and  gunnery  lieutenants,  and  on  tbe 
1st  of  October  following  it  was  opened  to  officers  of  the 
engineering  branch.  The  institution  is  therefore  in 
its  infancy.  Looking  to  a  great  future,  however,  its 
foundation  has  been  laid  so  as  to  make  it  the  source 
from  which  are  to  emanate  the  officers  who  are  to 
construct  and  to  control  all  the  ships,  all  the  dockyards, 
and  all  the  naval  operations  of  the  most  powerful  navy 
in  the  world.  It  was  as  early  as  1811  that  the  Britisli 
Government  commenced  to  encourage  the  instruction 
of  naval  architects  in  a  primary  school  at  the 
Portsmouth  dock-yard  ;  but  this  school  had  a  brief 
existence.  A  second  school  was,  by  order  of  the 
Admiralty,  opened  in  the  same  dock-yard  in  1848  ;  and 
as  a  result  of  the  instruction  given  at  these  two  schools, 
a  number  of  able  scientists  were  turned  out,  among 
them  being  Mr.  Isaac  Watts  and  Mr.  E.  J.  Reed,  both 
of  whom  became  chief  constructors  of  the  navy. 

Subsequently  four  schools  were  established  for  the 
purpose  of  preparing  students  as  assistant  engineers 
for  the  navy.  These  are  still  in  existence  at  the 
dock-yards  of  Chatham,  Portsmouth,  Sheerness,  and 
Devonport.  Finally,  the  South  Kensington  School  of 
Naval  Architecture  was  opened  to  the  most  meritorious 
graduates  of  the  students  from  the  dock-yard  schools. 
Rut  it  was  only  when  the  Royal  Naval  College  at 
Greenwich  was  opened,  that  the  Admiralty  decided 
systematically  to  strengthen  and  improve  the  engineer¬ 
ing  branch  of  the  navy,  by  raising  the  standard  of 
education  to  a  degree  previously  unknown  to  that  class 
of  officers.  It  was  accordingly  determined,  on  the  30th 
of  January  1873,  and  announced  by  regulation,  that 
thereafter  all  engineer  students  who  successfully  passed 
through  the  six  years’  course  at  the  dock-yards,  would 
be  sent  to  the  Greenwich  College  for  a  period  of  study, 
and  none  are  now  appointed  to  vessels  until  passed  by 
the  director  of  studies  at  Greenwich. 

The  following  regulations  will  give  a  clear  under¬ 
standing  of  the  system  of  entrance  and  instruction  at 
the  dock-yards ; — 
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“  Eegulations  foe  Admission  of  Engineer 
Students. 

“  1.  Vacancies  for  appointments  as  engineer  students 
in  the  factories  at  Chatham,  Sheerness,  Portsmouth, 
and  Devonport  are  open  to  public  competition. 

“  2.  The  lists  of  candidates  for  these  situations  will  be 
kept  by  the  civil  service  commissioners  in  London  and 
the  superintendents  of  the  dock-yards,  to  whom  all 
applications  must  be  addressed  before  the  1st  of  May 
in  each  year. 

“  3.  Candidates  must  not  be  less  than  fourteen  nor 
more  than  fifteen  years  of  age  on  the  first  day  of 
examination.  Proof  of  age  will  be  required  by  the 
production  of  a  certificate  of  birth,  an  extract  from  a 
baptismal  register,  or  by  declaration  before  a  magistrate. 
Evidence  of  respectability  and  good  character  must  also 
be  produced  on  a  form  which  will  be  furnished  by  the 
civil  service  commissioners  or  by  the  superintendents 
of  the  dock-yards. 

“4.  Candidates  will  not  be  admitted  for  examination 
until  they  have  been  pronounced  fit  for  Her  Majesty’s 
service  by  the  medical  officers. 

“  5.  The  examinations  will  commence  on  the  first 
Tuesday  in  June  in  each  year,  and  will  be  held  by  the 
civil  service  commissioners  in  London  as  well  as  at 
the  dock-yards.” 

“  7.  The  following  will  be  the  subjects  of  examination 
and  the  maximum  number  of  marks  for  each  subject : 

Arithmetic,  including  vulgar  and  decimal  fractions, 


and  square  and  cube  roots .  250 

Orthography . . . 100 

Handwriting  .  100 

Grammar .  100 

English  composition  .  100 

Geography  . 100 

Translation  of  French  into  English .  150 

Euclid — first  six  books  .  ,300 

Algebra,  including  quadratic  equalions  .  300 


Total. 


1,500 
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“8.  Candidates  will  be  subjected  to  a  preliminary 
examination  in  the  first  tliree  subjects,  and  should  they 
fail  in  any  of  tlie  three  they  will  be  at  once  rejected. 
Those  who  pass  the  preliminary  test  will  tlien  undergo 
a  competitive  examination  in  the  remaining  subjects, 
and  the  candidates  who  display  a  competent  knowledge 
of  all  the  above  subject«!,  and  who  obtain  not  less  than 
750  marks  in  the  aggregate,  will  be  classed  in  one 
general  list  in  order  of  merit,  according  to  the  number 
of  marks  gained,  and  will  be  eligible  for  appointment 
as  engineer  students  in  the  dock-vards  in  existing 
vacancies. 

“  9.  Engineer  students  will  remain  for  six  years  at 
the  dock-yards  for  practical  training  in  the  factory  work¬ 
shops,  and  to  receive  instruction  in  iron-ship  building. 
They  will  also  attend  the  dock-yard  schools  for  such 
periods  and  to  pursue  such  studies  as  may  from  time  to 
time  be  determined  on ;  they  will  also  pass  a  portion  of 
their  time  in  the  drawing  office.  Means  will  be  afforded 
them  of  acquiring  the  groundwork  of  the  knowledge 
required  by  a  naval  engineer  respecting  the  working  of 
marine  engines  and  boilers,  including  those  repairs 
which  can  be  carried  out  afloat,  the  practical  use  of  tlie 
various  instruments  used  in  the  engine-room,  including 
the  indicator,  and  of  becoming  generally  acquainted 
with  the  duties  of  a  naval  engineer. 

“  10.  Engineer  students  will  be  examined  once  a  year 
under  the  director  of  education  and  the  engineer 
officers  of  the  Admiralty.  The  examination  of  the 
sixth-year  students  will  include  tests  of  their  skill  as 
workmen,  and  those  found  qualified  will,  on  the  com¬ 
pletion  of  their  term  of  service  at  the  dock-yards,  pro¬ 
ceed  to  the  Koval  Naval  College,  at  Greenwich,  as 
acting  second-class  assistant  engineers,  on  the  1st  of 
October  succeeding  the  examination,  where  they  will 
pass  through  a  course  of  higher  instruction  during  one 
term. 

“  11.  Those  engineer  students  who  fail  to  pass  the 
examination  at  the  end  of  their  six  years’  service  will 
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be  allowed  to  remain  one  year  longer  at  the  dock¬ 
yards,  and  will  then  be  re-examined,  when,  if  they  are 
unable  to  pass  they  will  cease  to  be  eligible  for  the 
rank  of  naval  engineer.” 

“  Admission  into  the  College. 

“  12.  Engineer  students  will  not  be  entered  as  acting 
second-class  assistant  engineers  until  they  have  been 
pronounced  fit  for  Her  Majesty’s  service  by  the  medical 
officers,-  and  have  learned  to  swim. 

“  13.  The  term  for  study  at  Greenwich  will  be  from 
the  1st  of  October  to  the  30th  of  June  following.  All 
will  be  examined  under  the  director  of  education  on 
the  completion  of  their  term  at  Greenwich,  and  will 
receive  certificates  according  to  their  merit  in  three 
classes.  Those  hiking  the  first-class  certificate  will  be 
granted  twelve  months’,  the  second-class  six  months’ 
additional  time  to  count  for  promotion ;  those  taking 
the  third-class  certificate  will  only  count  the  time  since 
they  passed  out  of  the  dock-yards. 

“  14.  Acting  second-class  assistant  engineers  will 
receive  3s.  6d.  a  day  and  Is.  6d.  a  day  toward  the  mess 
during  their  first  term  of  study  at  Greenwich.  If 
selected  for  further  study  during  one  or  more  terms 
they  will  receive  their  full  pay  of  6s.  a  day,  and  Is.  6d. 
a  day  toward  the  mess. 

“  15.  Four  acting  second-class  assistant  engineers  will 
be  selected  from  those  who  take  the  highest  jfiace  at 
the  examination  on  the  completion  of  their  term  at 
Greenwich  to  pass  through  a  further  course  of  scientific 
instruction  if  they  desire  it.  These  four  will  be 
examined  at  the  end  of  the  second  term,  and  one  or 
more  will,  at  the  discretion  of  the  Admiralty,  be  allowed 
to  remain  a  third  term  at  Greenwich,  on  the  comple¬ 
tion  of  which  they  will  be  sent  to  sea  as  assistant- 
engineers,  and  after  one  year’s  service  at  sea  they  will 
be  considered  eligible  to  fill  positions  in  the  dock-yards 
^  and  at  the  Admiralty. 

“16.  Those  passing  the  second  and  third  terms  at 
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Greenwich  will  be  attached  during  tlie  vacations 
between  the  30th  of  June  and  the  1st  of  October,  to 
the  dock-yards  or  steam-reserves,  where  they  will  attend 
trials  of  new  and  repaired  engines,  and  obtain  ex¬ 
perience  respecting  the  duties  they  will  have  to 
perform  at  sea,  , 

“  17.  No  assistant  engineer  who  has  passed  three  terms 
at  Greenwich  will  be  allowed  to  leave  Her  Majesty’s 
service  within  seven  years  of  the  completion  of  his 
term  at  Greenwich,  unless  he  shall  pay  the  sum  of  £250 
to  defray  the  charges  of  his  education. 

“  18.  All  time  at  Greenwich  will  count  as  sea- time. 

“  19.  The  weekly  pay  of  engineer  students  while 
employed  in  the  dock-yards  will  be  8s.  during  the  tirst 
year  of  their  training,  and  if  they  are  reported  on 
favourably  by  the  officers,  it  will  be  increased  2s.  a 
week  each  year  until  the  sixth,  and  then  increased  8s., 
making  their  wages  24s.  a  week  for  the  last  year. 

“  The  acting  assistant  engineers,  during  their  term  of 
study  at  Greenwich,  will  be  lodged,  and  will  receive 
Is,  6(7.  a  day  toward  their  mess  expenses,  and  in  addi¬ 
tion  they  will  receive  pay  at  the  rate  of  3s.  Qd.  a  day. 
Those  selected  for  further  study  during  one  or  more 
terms  will  receive  pay  at  the  rate  of  6s.  a  day  and 
Is,  6(7.  toward  their  mess  expenses.” 

The  number  of  students  for  the  mechanical  branch 
entered  at  the  Koyal  Naval  College  in  the  bi  st  three 
years,  was  137,  including  those — 24  in  number — trans¬ 
ferred  from  the  South  Kensington  school ;  this  institu¬ 
tion  having  ceased  to  exist  when  the  other  was  formed. 

Of  the  foreign  students  permitted  to  enjoy  the  bene¬ 
fits  of  this  excellent  college  there  are  three  Russians,  tw'o 
Italians,  two  Danes,  one  Spaniard,  one  Norwegian,  and 
one  Brazilian ;  all  studying  engineering  and  naval 
architecture,  under  the  rules  and  laws  of  the  institution. 

It  will  be  observed  from  the  foregoing  regulations 
that  the  system  of  education  provided  for  the  British 
royal  naval  engineers  is  as  follows : — 
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1st,  They  are  received  into  the  dock-yanis  between 
the  ages  of  fourteen  and  fifteen,  by  public  competition, 
after  evidence  is  produced  of  respectability  and  good 
character. 

2nd.  They  are  required  to  serve  six  years  in  these 
yards,  dijring  which  time  they  are  employed  for  stated 
]jeriods  in  the  several  branches  of  the  engineering 
factories,  on  board  ships,  on  the  hulls  of  ships,  and  in 
the  drawing  offices.  While  occupied  in  this  practical 
training,  they  are  superintended  by  competent  lead¬ 
ing  men,  under  the  directions  of  the  tactory  officers. 
They  are  also  required  to  attend  the  dock-yard  schools 
on  appointed  afternoons  and  in  the  evenings  for  theo¬ 
retical  instruction.  They  are  examined  regularly,  and 
those  who  do  not  make  satisfactory  progress  are  dis¬ 
missed,  At  the  end  of  the  fourth,  fifth,  and  sixth  years 
they  are  examined  by  the  engineer  officers  at  the 
Admiralty,  as  well  as  by  the  dock-yard  officers  and 
instructors,  and  all  those  who  pass  satisfactory  examina¬ 
tions  at  the  end  of  six  years,  and  are  found  qualified, 
are  appointed  assistant  engineers  and  entered  at  Green¬ 
wich  College  on  the  1st  of  October  succeeding  the 
examination. 

3rd.  All  assistant  engineers  are  required  to  serve  one 
collegiate  term  at  Greenwich,  on  the  completion  of 
Avhich  they  are  examined  and  receive  certificates  in 
thi-ee  classes.  But/ow  out  of  the  whole  class  of  each 
year,  who  take  the  highest  honours  may,  if  they 
please,  pass  through  a  second  collegiate  course;  and 
at  the  end  of  this  second  yeai’  one  or  more  who  take 
the  highest  position  out  of  the  four  thus  selected  is 
granted  a  third  collegiate  term.  It  will  he  thus  seen 
that  the  greatest  number  of  assistant  engineers  re- 
ceive  seven  years  government  instruction  before  enter¬ 
ing  on  the  duties  for  which  they  have  been  educated  ; 
that  three  each  year  are  sent  out  after  eight  years’ 
instruction,  and  one  each  year  after  nine  years’. 

'  These  long-term  graduates  are  required  to  go  to  sea 
for  one  year  only,  after  which  they  are  considered 
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eligible  for  positions  at  the  Admiralty  and  in  the  dock¬ 
yards.  The  training  and  education  is  most  thorough 
and  complete,  and  it  is  believed  that  from  the  numbers 
that  have  graduated,  constructing  engineers  of  marked 
ability  will  be  developed.  The  college  is  also  open  to 
engineer  ofBcers  in  the  service  who  have  not  had  the 
advantage  of  study  at  Greenwich  or  South  Kensington  ; 
but,  as  with  executive  officers,  the  number  that  can  be 
annually  admitted  is  limited.  These  officers  remain 
one  term,  and  a  small  number  may  elect  by  permission 
to  remain  a  second  term  for  study.  Their  pay  while  at 
the  college  is  the  same  as  when  at  sea,  with  Is.  Qd.  each 
towards  the  mess. 

All  the  students  reside  in  the  college  except  the 
higher  grades,  who  are  permitted  to  reside  in  the  town. 

France,  Germany,  and  other  continental  countries 
have  also  government  schools  for  the  education  of  cadet 
engineers,  but  there  is  no  system  of  instruction  for  this 
class  of  officers  so  thoroughly  practical  and  scientific  as 
that  of  the  English. 

Last  year  the  lords  commissioners  of  the  Admiralty 
appointed  a  committee  or  board,  consisting  of  Vice- 
Admiral  Sir  A.  Cooper  Key,  K.C.B.,  F.R  S.,  Captain 
Sir  John  E.  Commerell,  K.C.B.,  Captain  W.  M.  Dowell, 
R.N.,  C.B.,  the  engineer-in-chief  of  the  navy,  aijd 
two  chief  inspectors  of  machinery  in  the  navy,  to  in¬ 
vestigate  the  claims  of  the  royal  naval  engineers  for 
increased  rank,  pay,  &c.  This  committee  sat  in  London 
for  several  months,  carefully  taking  evidence,  all  of 
which  was  afterwards  printed.  The  result  of  their 
investigations  may  be  founrl  in  the  report  submitted  to 
to  the  Admiralty  in  March  last.  The  first  recommen¬ 
dation  reads  as  follows  : — 

“Engineer  officers  for  the  future  to  be  executive 
officers,  [i.e.,  line-officers,]  but  not  to  command.”  In¬ 
creased  rank  and  pay  were  recommended  and  increased 
encouragement  to  retire. 

The  pay  and  position  of  the  engineers  of  the  royal 
navy,  have  recently  been  attracting  considerable  atten- 
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lion  in  England.  The  well-known  writer,  Mr.  E.  J. 
Keed,  M.P.,  ex-Chief  Constructor  of  the  British  navy, 
in  letters  to  the  press  suggests  radical  changes.  He 
says : — 

“  It  is  at  least  a  plausible  view  that  we  must  look 
to  those  upon  whom  the  management  of  the  navy,  as  a 
fighting  machine,  most  nearly  depends  for  the  most 
valuable  assistance.  A  ship  of  war  is  now  a  machine  of 
the  greatest  intricacy,  set  to  work  mainly,  if  not  exclu¬ 
sively,  by  the  power  of  steam  ;  it  is  a  steam  being,  and 
the  man  who  understands  it,  can  work  it  with  safety, 
can  control  it  efficiently,  can  use  it,  preserve  it,  repair 
it,  renew  it,  is  the  engineer.” 

The  Times,  in  a  leader  commenting  on  Mr.  Heed’s 
letters,  says : — 

“  Every  one  who  wants  to  be  informed  of  the  condition 
of  the  navy,  and  to  obtain  an  opinion  on  the  value 
of  any  proposed  changes  in  the  design  and  arrange¬ 
ment  of  our  ships,  takes  counsel  of  the  engineers 
among  the  foremost ;  and  if  the  Admiralty  and  Par¬ 
liament  would  get  from  the  service  itself  the  most 
trustworthy  views  of  naval  policy,  they  must  consent 
to  make  the  fullest  recognition  of  the  value  and  im¬ 
portance  of  the  functions  of  the  engineers.  Mr.  Reed 
is  altogether  right  in  insisting  that  it  is  a  matter  of 
prime  interest  for  England  that  the  class  [corps]  of 
naval  engineers  should  be  raised  to  a  level  corresponding 
to  the  greatness  of  their  present  trust,  and  to  the  weight 
of  their  enlarged  responsibilities.” 

The  models  of  the  vessels  of  the  British  navy  for 
many  years  were  not  open  to  the  inspection  of  the 
general  public.  They  were  kept  in  a  room  at  the 
Admiralty,  Somerset  House,  and  afterwards  removed 
to  the  South  Kensington  Museum.  On  the  establish¬ 
ment  of  the  naval  college  at  Greenwich,  in  1873,  it  was 
determined  that  they  should  be  sent  there  for  the  pur- 
pose  of  being  easily  accessible  to  the  students.  At 
Greenwich  they  are  exhibited  to  great  advantage  and 
admirably  arranged  in  a  building  which  for  generations 
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has  been  associated  with  the  British  navy  ;  and  they 
are  within  easy  reach  of  the  classes  most  interested  in 
the  objects  of  the  exhibition.  The  subjects  of  study 
here  presented  are  exceedingly  interesting  to  persons 
desiring  to  be  informed  of  the  history  of  naval  con¬ 
struction,  for  here  can  be  seen  the  models  of  the  vessels 
of  the  British  navy  from  its  earliest  days,  down  to  the 
present  period.  Here  is  seen  the  successive  develop¬ 
ment  of  wooden  sailing-vessels  from  the  earliest  period 
to  the  date  of  the  introduction  of  steam  ;  the  first 
paddle-wheel  steamer  and  the  subsequent  changes  in 
form  of  this  kind  of  vessel;  the  first  screw-vessel,  with 
the  changes  that  followed  the  introduction  of  motive- 
power  in  that  form ;  the  first  iron  vessel ;  the  first 
iron-clad  or  armoured  ship,  and  the  still  later  type  of 
fast  iron  steamers  sheathed  in  wood. 

It  is  believed  that  the  first  ship  in  the  royal  navy 
was  built  in  the  reign  of  Henry  VIL,  but  the  first 
man-of-war  of  respectable  size,  as  shown  by  the  models, 
was  the  Great  Sarry,  or,  as  she  was  at  first  called, 
Henri  Grace  a  Dieu,  laid  down  by  Henry  Yll.  in  1512, 
and  launched  June  1514.  It  was  under  this  sovereign 
that  the  British  navy  was  founded.  He  not  only  built 
the  first  man-of-war,  but  also  established  the  three 
royal  dock-yards  at  Portsmouth,  Woolwich,  and  Dept¬ 
ford  ;  and  at  the  close  of  his  reign  there  wei’e  fifty-eight 
ships  in  the  navy,  of  an  aggregate  tonnage  of  12,000. 
The  tonnage  of  the  Great  Harry  is  stated  at  1,000,  but 
the  dimensions  are  not  precisely  known.  She  had  much 
top-hamper,  and  history  says  that,  notwithstanding  her 
crankness,  she  performed  good  service,  and  was  ulti¬ 
mately  burned  accidentally  at  Woolwich  in  1553.  In 
the  same  case  with  the  Great  Harry  is  a  model  of 
another  remarkable  ship.  The  Sovereign  of  the  Seas.  She 
was  built  in  1637.  Upon  comparing  the  models  of  the 
two  ships,  one  is  impressed  with  the  improvements 
effected  in  a  hundred  years.  The  Boyal  William,  of 
which  there  are  two  models,  one  full-rigged,  representing 
her  as  originally  built  in  1670,  the  other,  showing  her 
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as  altered  in  1692,  is  a  better  exemplification  of  the 
ships  of  the  seventeenth  century  than  is  the  Boycd 
Sovereign. 

The  Royal  Sovereign  was  the  first  ship  in  the  British 
navy  with  three  decks.  She  w'as  afterwards  cut  down, 
and,  it  is  said,  did  good  service.  She  was  accidentally 
destroyed  by  fire  at  Chatham,  in  1695.  The  next  model 
is  that  of  the  notable  Britannia,  of  100  guns  and  1,700 
tons,  built  in  1682.  These  ships  of  the  seventeentli 
century  furnished  the  type  for  line-of-battle  ships  for 
nearly  a  century  and  a  half,  and  the  earliest  designs  are 
noticeable  as  having  considerable  sheer ;  the  effect  of 
which  was  further  increased  by  the  fact  of  there  being 
in  the  after  part  of  the  ship  tw'o  decks  more  than 
amidships.  The  first  step  toward  a  flush  upper  deck 
was  not  taken  until  the  beginning  of  the  present  cen¬ 
tury,  when  bridges  called  ‘‘  gang-boards  ”  were  thrown 
across  the  waist  close  in  to  the  side,  in  order  to  save  the 
descent  from  the  quarter-deck'  and  the  ascent  to  the 
forecastle ;  and  at  last  the  interval  was  bridged  over 
completely.  The  upper-deck  of  a  line-of-battle  ship 
was  then  spoken  of  as  the  forecastle,  gangways,  and 
quarter-deck,  and  at  last  as  the  spar-deck  ;  and  hence 
we  have  the  origin  of  the  terms.  There  are  models 
of  the  Commerce  de  Marseilles,  a  French  vessel  of  120 
guns,  captured  at  Toulon  in  1793  ;  and  the  Salvador 
deZ  captured  from  the  Spaniards  in  1797.  They 

are  both  models  of  ships  superior  to  those  of  the 
English  of  the  same  date.  There  is  the  first  Victory, 
built  in  1737,  and  lost  seven  years  after  in  the  English 
Channel,  with  her  admiral,  officers,  and  crew  of  1,000 
men.  There  is  also  the  Royal  George,  famous  as  having 
capsized  in  dock,  “  with  all  her  crew  complete,”  in 
1782.*  Her  guns  and  stores  Avere  recovered  fifty- 
seven  years  afterwards.  On  the  walls  there  are  large 
numbers  of  half-models  of  frigates  captured  from  the 
{  French  and  Spaniards. 

Among  the  later  vessels  Avhose  class  will  soon  be 
*  It  was  at  Spithead  that  tlie  Boyal  George  capsized.  (Ed.) 
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represented  only  by  the  models  in  the  Eoyal  Museum, 
are  the  screw  line-of-battle  ships  Royal  Albert  and 
Howe;  the  former  launched  at  Woolwich  in  1854, 
and  the  latter  at  Pembroke  in  1860.  The  armament 
of  the  Howe  consisted  of  1‘21  guns,  and  her  complement 
was  intended  to  be  1,130,  but  she  never  made  a  cruise, 
and  it  is  not  probable  she  will  ever  now  be  sent  out  of 
the  harbour  of  Devonport,  where  she  is  lying. 

Going  back  a  little,  to  the  introduction  of  steam, 
the  first  steamer  built  in  the  British  navy  is  repre¬ 
sented  by  a  model  of  a  paddle-wheeler  called  the 
Gulnare,  a  name  afterwards  changed  to  Gleaner.  She 
was  launched  at  Chatham  in  1833,  was  120  feet  long, 
23  feet  3  inches  broad,  and  drew  13  feet  of  water. 
Two  years  previous  to  this,  however,  a  small  purchased 
steamer,  the  Black  Eagle,  carrying  one  gun,  was 
employed  in  the  navy.  The  first  screw-vessel  was  the 
Dwarf,  the  next  was  the  Rattler,  both  small  vessels, 
built  immediately  after  the  successful  adaptation  of  the 
screw-propeller  to  the  Princeton  in  the  American  navy. 
The  first  war  screw-ship  is  represented  by  a  model  of 
the  Sans  Pareil,  of  80  guns,  ordered  in  1848  as  a 
sailing-vessel,  altered  and  launched  in  1851  as  a  screw- 
ship,  eight  years  after  the  American  screw-sloop 
Princeton  was  built,  and  four  or  five  years  after  the 
French  Admiralty  had  sent  out  the  Napoleon. 

The  first  iron  vessels  are  represented  by  the  Jackal 
and  Simoom,  both  still  in  commission;  the  former  built 
in  1844,  and  the  latter,  as  a  war  steam-frigate,  in  1849, 
Here  may  be  found  reason  for  comment  upon  the 
wisdom  of  naval  authorities.  It  was  only  about  as 
late  as  the  year  1840  that  some  wise  and  distinguished 
old  admirals  were  invited  to  witness  the  performance 
of  a  little  screw-vessel  on  the  Thames,  with  a  view 
to  the  introduction  of  the  screw  into  the  navy.  They 
inspected  its  performance,  and  reported  the  screw- 
propeller  unsuitable  for  war-vessels.  Again,  the 
Simoom,  the  first  iron  war-ship  built,  was  pronounced 
by  the  Board  of  Admiralty  to  be  unfit  for  war  pur^ 
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poses  in  consequence  of  tlie  material  of  which  the 
hull  was  composed,  and  as  a  result  they  altered  her 
into  a  troop-ship.  Thirty  years  after  this  short-sighted 
decision,  the  Simoom  is  still  sound  and  doing  good 
service  ;  all  the  first-rates  are  built  of  iron,  and  all 
naval  vessels  are  propelled  by  the  very  instrument — 
the  screw — that  was  pronoi;nced  unsuitable  for  w’ar- 
vessels  by  the  officers  of  the  sailing-period.  While 
citing  the  Simoom  as  proof  of  the  durability  of  iron 
vessels,  it  is  not  out  of  place  to  mention  the  troop¬ 
ship  Himalaya,  of  3,453  tons,  B.M.  This  iron  vessel, 
built  about  1850,  and  purchased  by  the  Admiralty  in 
July  1854,  at  a  cost  of  £131,000,  has  seen  about 
twenty-five  years’  work,  and  is  still  sound  and  service¬ 
able. 

We  come  next  to  the  collection  of  models  of  iron¬ 
clad  ships.  The  Russian  war  brought  into  existence 
the  use  of  armour  upon  the  seas.  Three  floating 
batteries,  built  by  the  French,  silenced  the  forts  at 
Kinburu.  They  were  named  the  Lave,  Tonnante,  and 
the  Devastation,  There  are  no  models  of  these  in  the 
museum,  but  there  is  one  of  the  English  batteries 
subsequently  built  and  used  against  the  Russian  forts. 

The  model  of  the  Warrior,  the  first  armoured  ship, 
is  to  be  seen,  and  the  various  types  that  followed  her 
are  also  represented. 

In  the  upper  rooms  are  seen  illustrations  of  the 
old  and  new  systems  of  construction  of  meu-of-war, 
materials  and  equipments,  of  various  kinds,  and  a  full- 
rigged  model  of  Nelson’s  Victory,  the  original  being 
still  preserved  and  doing  duty  as  a  guard-ship  at 
Portsmouth.  In  a  separate  room  there  is  also  a  large 
model  showing  the  stations  of  the  ships  at  the  battle  of 
Trafalgar. 

The  above  brief  outline  of  models  has  been  men¬ 
tioned  simply  as  being  of  historic  interest,  and  on 
Account  of  the  lessons  for  students  to  be  drawn 
therefrom. 
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CHA.PTER  XXIV. 

CONCLUSION. 

In  the  foregoing  pages,  it  has  been  seen  that  the  modus 
operandi  of  naval  warfare  in  all  European  countries  has 
of  recent  years  undergone  important  and  radical 
changes. 

Ships  with  auxiliary  steam-power,  in  common  with 
their  predecessors  of  the  sailing  period  and  the  sub¬ 
sequent  paddle-wheel  steamers,  have  become  obsolete; 
and  wooden  vessels  of  all  classes  have  gradually  become 
antiquated,  and  are  being  relegated  to  harbour  service 
or  abandoned. 

Heavily-armoured  ships,  of  great  fighting  power  and 
considerable  speed,  now  constitute  the  line-of-battle 
ships  of  all  important  naval  powers.  Low^  free-board 
non-sea-going  armoured  vessels  are  provided  for  coast 
defence,  and  the  modern  fleets  of  cruising  vessels  of  all 
navies  are  now  being  constructed  of  either  iron  or 
steel,  with  improved  structural  arrangements  for  utili¬ 
sing  the  power  of  the  ram  and  for  sustaining  for  a 
lengthened  period  the  immense  engine-power  necessary 
for  high  speeds,  and  with  bottoms  sheathed  in  wood 
and  covered  with  copper  and  zinc. 

Ships  of  a  special  class,  known  in  England  as  armed 
despatch-vessels,  and  in  France  as  the  rapid  type, 
having  a  speed  of  about  17  knots  per  hour  at  sea,  are 
fast  uaininof  favour.  A  limited  number  of  small 
vessels,  having  large  engine-power,  are  being  built 
exclusively  for  projecting  the  Whitehead  self-moving 
torpedo ;  and  armoured  and  unarmoured  ships  are 
being  fitted  with  the  necessary  apparatus  for  using 
his  self-moving  weapon. 

Recently-constructed  war-vessels  of  all  classes  are 
engined  on  the  compound  system. 

"Captain  Simpson,  of  the  United  States  service,  after 
careful  research,  has,  in  a  very  able  and  exhaustive 
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report  on  the  Artillery  of  Europe,  shown  conclusively 
that  cast-iron  guns  are  now  obsolete,  and  that  the  ships 
of  all  European  navies  are  armed  with  rifled  guus 
manufactured  wholly  of  steel  barrels  bound  with 
wrought-iron  coils.  At  the  date  of  this  report,  less 
than  five  years  ago,  the  heaviest  gun  mounted  on 
shipboard  in  Europe  was  35  tons  in  weight,  and  a 
12-inch  calibre,  Since  that  time  the  weight  has 
increased  to  100  tons,  and  charges  of  350  pounds  of 
powder  and  projectiles  of  from  2,000  to  2,500  pounds 
are  used ;  and  it  is  probable  that  still  heavier  guns 
will  be  manufactured.  With  these  facts  and  figures 
before  us,  we  find  that  the  United  States  navy,  although 
in  as  efficient  condition  as  economical  Congresses 
authorize,  lags  decidedly  behind  the  navies  of  most 
other  powers ;  and,  except  perhaps  for  coast  defence,  is 
by  no  means  commensurate  with  the  wealth,  extent, 
and  dignity  of  the  country.  Should  the  necessity  for 
war  arise  with  any  considerable  power,  the  real  weak¬ 
ness  will  he  exposed,  America  will  be  placed  in  a 
condition  of  humiliation — a  condition  certainly  not  to 
be  desired  by  the  people  of  that  great  and  rapidly- 
growing  republic,  which  has  large  and  increasing  com¬ 
mercial  interests  with  all  civilised  nations. 

Heretofore  Americans  have  been  pioneers,  and  the 
main  features  of  very  many  of  the  improvements 
introduced  into  European  naval  warfare  owe  their 
origin  to  American  genius.  The  beautiful  outlines  of 
American  fast-sailing  vessels  were  copied  in  Europe. 
The  first  war-ship  propelled  by  the  screw  was  built  in 
Philadelphia.  Shell-fire,  and  subsequently  heavy 
guns,  were  first  introduced  there.  The  torpedo  is  an 
American  invention,  and  the  revolving  turret  for 
vessels  of  war  originated  on  that  continent.  It  re¬ 
mained  for  European  naval  powers,  with  large  appro¬ 
priations  at  command,  to  develop  and  expand  American 
ideas.  The  ideas  for  the  present  powerful  mastless 
sea-going  armoured  ships  of  the  English  grew  out  of 
the  visits  of  the  American  turret- vessel  Miantonomoh  to 
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Britisli  ports ;  and  the  unarmoured  fleet  of  fast  ships, 
of  which  the  Inconstant  was  the  first,  owe  their  develop¬ 
ment  to  the  building  of  the  Wampanoaff. 

To  the  European  mind  it  is  strange  that  the  nation 
which  first  devised  and  attempted  to  construct  a 
squadron  of  powerful,  fast,  unarmoured  cruisei's,  has 
now  nothing  to  match  the  British  Raleigh.  Boadicea, 
and  Euryalus,  or  fast  cruisers  of  other  countries ;  and 
stranger  still,  that  the  naval  force  to  which  American 
commerce  is  obliged  to  look  for  protection,  is  composed 
of  a  small  number  of  corvettes  and  sloops  of  very 
moderate  speed  and  power,  mainly  of  the  types  and 
armed  with  the  weapons,  torpedos  excepted,  of  the 
period  before  the  civil  war. 

During  the  time  of  inactivity  and  comparative  non¬ 
progress  in  American  naval  construction,  the  work  of 
reconstructing  the  navy  of  Great  Britain  has  been 
vigorously  pushed  forward,  and  in  the  effort  to  make  it 
efficient  from  the  modern  point  of  view,  there  has  been 
no  hesitation  in  weeding  out  vessels  of  obsolete  types  ; 
thus,  in  the  five  years  ending  April  1,  1875,  no  less 
than  eighty-four  vessels  of  obsolete  types  had  been 
disposed  of  by  sale,  viz;  Twelve  screw  line-of-battle 
ships,  eight  screw  frigates,  three  screw  corvettes,  seven 
screw  sloops,  twenty-three  gun-vessels,  twenty-two 
sailing-vessels,  and  nine  paddle-wheel  steamers ;  be¬ 
sides  which  there  were  condemned,  as  no  longer  fit  for 
active  service,  eight  frigates,  eight  corvettes,  nine 
sloops,  and  ten  gun-boats,  all  wooden  screw-vessels. 

It  has  already  been  shown  what  kinds  of  vessels  are 
being  added  to  the  navy  in  lieu  of  the  obsolete  wooden 
types,  and  it  is  well  to  remember  that  the  new  fleet 
given  under  the  head  of  unarmoured  ships  do  not 
represent  the  total  available  force  of  fast  cruisers. 
The  British  mercantile  marine  is  possessed  of  419 
steamers  above  1,200  tons  and  under  5,000  tons 
register,  very  many  of  which  have  high  speeds,  and 
some  of  which  can  be  relied  upon  for  steaming  14  and 
15  knots  per  hour  in  good  weather  at  sea,  for  seven  or 
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eight  days  consecutively,  and  carrying  sufficient  coals. 
In  the  event  of  war,  any  of  these  ships  are  at  the  com¬ 
mand  of  the  government,  and  in  view  of  utilising  this 
source  of  great  naval  strength,  the  Admiralty  have 
carefully  considered  the  question  of  arming  with  light 
rifled  guns,  and  more  especially  with  Whitehead 
torpedoes,  such  vessels  as  may  be  suitable ;  and  in 
order  to  be  able  to  do  so,  they  have  required  the 
builders  or  owners  to  furnish  necessary  drawings  of 
their  vessels. 

While  lamenting  the  want  of  superiority  in  indi¬ 
vidual  ships  in  the  American  navy,  a  careful  review  of 
the  situation  brings  home  the  inevitable  conclusion 
that  the  present  interregnum  will  in  the  end  result 
signally  to  its  advantage.  If,  after  the  civil  war, 
America  had  gone  on  building  armoured  ships  for  sea¬ 
going  purposes,  each  succeeding  vessel  would  have  been 
superseded  in  offensive  and  defensive  powers  by  pro¬ 
ductions  on  the  other  side  of  the  Atlantic.  The  result 
would  have  been  an  antiquated  armoured  fleet ;  for  it 
has  been  seen  that  the  power  of  the  gun  and  the 
weight  and  thickness  of  armour  have  continued  to 
increase.  This,  together  with  additional  mechanical 
appliances,  has  made  each  succeeding  ship  built  an 
improvement  over  preceding  types,  but  even  yet  no 
final  standard  seems  to  be  reached  either  in  regard  to 
the  weight  and  power  of  the  gun  or  the  thickness  and 
weight  of  the  armour.  With  the  Sheffield  Works 
promising  armour-plates  of  still  greater  thickness,  and 
Herr  Krupp  and  Sir  W^illiam  Armstrong  proposing 
guns  of  150  tons  each,  it  would  be  unsafe  to  regard  the 
limit  as  having  yet  been  reached,  and  unwise  to  accept 
even  the  last  productions  as  future  types.  In  view 
of  the  value  given  to  small  fast  vessels  by  the  invention 
of  the  self-moving  torpedo  and  the  risks  to  be  encoun¬ 
tered  from  this  terrible  weapon,  as  well  as  the  ram,  it 
is  not  probable  that  hereafter  any  war-vessel  will  be 
built  larger  or  as  large  as  the  Inflexible  ;  but  it  is 
reasonable  to  anticipate  heavier  guns  in  less  numbers, 
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mounted  on  vessels  of  smaller  dimensions.  Consider¬ 
ing  these  facts  and  conclusions,  the  enormous  cost  and 
length  of  time  necessary  to  build  an  armoured  sea¬ 
going  ship  in  America,  and  the  further  fact  that  in 
Europe  the  advocates  for  abandoning  armour  altogether 
are  increasing,  any  administration  may  well  pause  be¬ 
fore  it  sanctions  the  expenditure  of  three  or  four 
millions  of  dollars  for  such  a  vessel. 

Turning  now  to  the  policy  of  maintaining  an  efficient 
cruising-fieet  for  the  police  of  the  seas,  for  the  training 
of  men  for  the  purpose  of  exhibiting  the  American  flag 
in  foreign  ports,  and  especially  in  harbours  of  semi- 
barbarous  countries  where  they  can  scarcely  realise 
the  existence  of  a  force  unless  it  be  visibly  present  be¬ 
fore  them;  for  the  repression  of  piracy  and  slavery, 
and  for  the  punishment  of  offending  savage  tribes,  the 
sliip  is  the  distant  representative  of  national  power, 
and  it  should  have  no  superior  of  its  type  belonging  to 
any  other  country.  With  the  view,  theiefore,  of  recon¬ 
structing  and  adding  to  its  unarmoured  fleets,  the  time 
is  near  at  hand,  if  not  already  present,  for  forming 
judicious  conclusions  as  to  the  immediate  future  types 
of  vessels.  America  is  now  at  liberty  to  take  advantage 
of  the  results  of  the  most  expensive  and  exhaustive 
experiments  made  by  foreign  powers  in  the  construction 
of  ships,  of  machinery  of  various  kinds  for  naval 
purposes,  and  in  the  manufacture  of  weapons. 

As  there  is  a  hopeless  want  of  unanimity  among 
American  officers  as  to  the  types  that  should  be  built, 
and  as  the  prerogative  of  deciding  questions  so  impor  tant, 
as  well  as  the  province  of  giving  shape  in  detail  to 
designs,  belong  to  the  controlling  powers,  it  is  not  out 
of  place  to  suggest  that,  in  considering  the  subject,  it 
will  be  wise,  as  before  said,  to  go  carefully  over  the 
experience  of  possible  enemies  and  to  take  advantage  of 
the  results. 

Under  the  head  of  British  unarmoured  ships,  it  may 
be  seen  that  the  costly  experiment  of  building  the  first 
fast  cruisers  proved,  to  say  the  least,  unsatisfactory. 
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They  were  too  costly  to  build,  too  unwieldly  to  handle, 
and  are  too  costly  to  maintain. 

It  may  also  be  seen  that  the  Bover  is  perhaps  as 
small  a  ship  as,  with  our  present  knowledge,  can  be 
built,  to  have  the  speed  of  fifteen  knots  per  hour,  to 
have  sufficient  structural  strength  to  endure  the  engine- 
power  necessary  for  this  speed,  to  utilise  the  power  of 
the  ram,  to  carry  a  sufficient  battery,  to  have  sail-power, 
to  be  provided  with  machinery  for  ejecting  torpedoes, 
and  to  possess  all  the  necessary  requirements  for 
keeping  the  sea. 

Again,  it  may  be  seen  that  the  French,  in  their 
endeavour  to  outdo  the  English  in  the  element  of 
speed,  have  fallen  into  the  same  general  faults  in 
building  their  first  two  cruisers  of  the  rapid  type,  the 
Duquesne  and  Tourville.  Lessons  can  therefore  be 
drawn  from  these  practical  illustrations. 

By  trade  and  commerce  we  grow  to  be  a  rich  and 
powerful  people,  and  by  their  decay  we  grow  poor  and 
impotent;  and  as  trade  and  commerce  enrich,  so  they 
fortify  a  country.  Americans  must  look  to  Congress 
for  the  encouragement  afforded  by  naval  protection. 
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Statement  of  Dimensions,  Weights,  and  other  Particulars  of 
Her  Majesty’s  Ship  “  Devastation.” 


Actual  dimen- 

Dimension?,  &c. 

Estimate  of 
April,  1869. 

Estimate'  of 
Nov.  1869. 

Estimate  of 
Jan.  1871. 

sions,  &c.,  as 
completed  in 

April,  1873. 

Length  between  theperpen-l 

285  ft.  0  in. 

285  ft.  0  in. 

285  ft.  0  in. 

285  ft.  0  in. 

diculars . i 

LengLh  of  the  keel  for  ton*| 

246  ft.  3|  in. 

246  ft.  3|  in. 

246  ft.  3|  in. 

246  ft.  3|  in. 

nage . / 

62  ft.  3  in. 

Breadth,  extreme  . 

62  ft.  3  in. 

62  ft.  3  in. 

62  ft.  3  in. 

Breadth,  for  tonnage . 

68  ft.  0  in. 

58  ft.  0  in. 

68  ft.  0  in. 

68  ft.  0  in. 

Depth  in  hold . 

18  ft.  0  in. 

18  ft.  0  in. 

18  ft.  0  in. 

18  ft.  0  in. 

Builders’  tonnage  . 

Draught  of  water  • — 

4,406  67-94 

4,406  57-94 

4,406  57-94 

4,406  57-94 

Forward  . 

25  ft.  9  in. 

25  ft.  9  in. 

25  it.  9  in. 

26  ft.  3  in. 

Aft  . 

26  ft.  6  in. 

26  ft.  6  in. 

26  ft.  6  in. 

27  ft.  1  in. 

Mean . 

26  It.  U  in. 

26  ft.  li  in. 

26  ft.  H  in. 

26  ft.  8  in. 

Displacement,  in  tons  _ 

9,062 

9,062 

9,090 

9,298 

Area  of  midship  section,  in\ 

1,449 

1,449 

1,454 

1,487 

square  feet  . / 

Height  of  port  sills  from 

loadwater-llne . — 

Fore  turret  . 

13  ft.  6  in. 

13  ft.  6  in. 

13  ft.  6  in. 

12  ft.  11  in. 

13  ft.  2  in. 

13  ft.  2  in. 

13  it.  2  in. 

12  it.  7  in. 

Height  of  upper-deck  at  side 

above  water-line : — 

Forward  . 

9  fi.  3  in. 

9  ft.  3  in. 

9  ft.  3  in. 

8  ft.  6  in. 

Amidships  . 

4  ft.  6  in. 

4  It.  6  in. 

4  ft.  6  in. 

10  It.  9  in. 

Engines : — 

800 

Nominal  horse-power 

800 

800 

800 

Indicated  horse-power 

5,600 

5,600 

5,600 

6,633 

Speed,  per  hour,  in  knots. . 

12-5 

12-5 

12-5 

13-84 

(Ejtimated.) 

(Estimated.) 

(Estiojated.) 

(Actual.) 

Coals,  number  of  tons  .... 
Water : — 

1,700 

1,600 

1,600 

1,350 

Number  of  tons . 

16 

16 

16 

30 

Number  of  weeks’  con-'i 

2 

2 

2 

3 

sumption . J 

Ih'ovisions ; — 

19 

Number  of  tons . 

9-5 

9-5 

9-5 

Number  of  weeks’  con-i 

4 

4 

4 

6 

sumption . i 

Complement  of  men  andj 

250 

260 

250 

329 

4  25-ton  guns. 
2,307 

4  30-ton  guns. 

4  35-ton  guns. 

2,482 

4  35-lon  guns. 

Total  weight  of  armour,  in-^ 

2,329  . 

2,581 

tons  (including  fastening)/ 
Total  weight  of  backing,  ini 

306 

306 

306 

314 

tons  (iticluding  fastetuug)/ 

Depth  of  armour  belowi 
water-line,  amidships  ../ 
Height  of  armour  above 

5  ft.  0  in. 

5  ft.  0  in. 

5  fi.  0  in. 

5  fl.  6i  in. 

water-line : — 

4  ft.  2  in. 

4  ft.  2  in. 

f  Amidships 

4  ft.  2  in. 

3  It.  H  in. 

On  sides  - \Forwards 

0  ft.  6  in. 

0  ft.  6  in. 

0  ft.  6  in. 

nil. 

On  brea8twork{^“f^‘^;‘"Pj 

11  it.  5  in. 

1  11  ft.  9  in. 

11  ft.  5  in. 
lilt.  9  in. 

11  ft.  6  in. 

11  ft.  9  in. 

10  ft.  lOi  in. 

11  it.  2i  in. 
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Statement  of  Dimensions,  Weights,  and  other  Particulars  op  Her 
Majesty’s  Ship  “Devastation”  (continued). 


Estimate  of 
April,  1869. 

Estimate  of 
Nov.  1869. 

Estimate  of 
Jan,  1871. 

Actual  dimei 
sions,  &c.,  as 
completed  ir 
April,  1873., 

Armour. 

Back- 

Armour. 

Back- 

Armour. 

Back- 

Armour. 

Bad 

ing. 

ing- 

ing. 

ing. 

In. 

In. 

In. 

In. 

In. 

n. 

In. 

In. 

12  &  10 

18 

12  &  10 

18 

12  &  10 

IS 

12  &  10 

18 

12 

16 

12 

16 

12 

16 

12 

16 

4,  5  &  6 

10 

12  &  10 

18  &  16 

12  &  10 

18  &  16 

12  &  10 

18  &  16 

12  &  10 

18  & 

14  &  12 

15  &  17 

14  &  12 

15  &  17 

14  &  12 

15  &  17 

14  &  12 

15  & 

H&  li 

li&  li 

11  &  li 

11  &  li 

li 

H 

11 

11 

li 

li 

li 

li 

li 

11 

li 

li 

2 

2 

3 

3 

li 

li 

2 

2 

3  &  21 

3  &  21 

3 

3 

J 

1 

1 

2 

Dimensions,  &c. 


Tliiclmess  of  armour  and 
backing : —  , 

On  sides . 

On  bulkheads  at  break  ofi 

deck  forward . J 

On  bulkheads  in  hold  .... 

On  breastwork . 

On  turrets  . . 


Thickness  of  skin-plating 
behind  armour : — 

On  sides . 

On  buikheads  at  break  ofl 

deck  forward . J 

On  breastwork . . 

On  turrets . 

Thickness  of  deck-piating 

On  upper  deck{f"“^®“P® 

On  belt-deck . 

On  deck  over  breastwork 
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Statement  oe  Dimensions,  Weights,  and  other  Particulars  of  Her 
Majesty's  Ship  “  Devastation,”  as  completed  for  Sea,  and  as  estimated 
AT  various  Dates. 


Actual 

Weights,  &c. 

Estimate  of 

Estimate  of 

Estimate  of 

weights,  &c. 

April  1869. 

Nov.  1869. 

Jan.  1871. 

as  completed 
in  April  1813. 

'  Water  for  two  weeks  . \ 

Tons, 

18-8 

Tons, 

18*8 

Tons. 

18*8 

Tons. 

40 

1  Provisions,  spirits,  &c.,  for  four  weeks') 
Tare  of  casks . J 

12-5 

12*5 

12*5 

24 

(  Officers’  slops  and  stores  . \ 

'  Tare  of  casks,  boxes,  cases,  &c . / 

12 

12 

12 

12 

t  Officers,  men,  and  effects . 

32 

32 

32 

42 

1!  Mast  and  derrick  for  hoisting  boats  . . 

.  . 

20 

20 

(  Cables  . 

87. 5 

87-5 

87-5 

70 

Anchors  . 

25 

25 

25 

23*5 

’  Boats . 

12 

12 

12 

12 

Warrant-officers’  stores  . 

34 

34 

34 

50 

Armament . | 

356 

(4  25-ton  guns) 

422*2 

(4  30-ton  guns) 

512*2 

(4  35-ton  guns) 

514*5 

(4  35-ton  guns) 

Total  weight  of  rigging,  guns,  andi 
ship’s  stores . j 

588'8 

656 

766 

808 

Engines,  and  boilers  with  water  in,] 

including  engines  for  turrets,  venti-> 
lating  and  fire-service,  spare  gear,  &c.| 
Engineers’  stores  . 

970 

952 

982 

1,064 

15 

15 

15 

23 

Coals . 

1,700 

1,600 

1,600 

1,350 

Total  weight  of  equipment  to  bei 
received  on  board . . . / 

3, 273-8 

3,223 

3,363 

3,245 

1  Weight  of  hull  . 

^‘Weight  of  protective  deck-plating,! 

2,874 

2,894 

2,487 

2,882* 

including  glacis-plates  and  armoured  > 
skylights . . . j 

413 

413 

622 

556 

Weight  of  armour,  exclusive  of  turret! 

1,604 

1,626 

1,542 

1,629 

and  pilot-tower  armour . J 

Weight  of  backing,  exclusive  of  turrets 

266 

256 

256 

254 

and  pilot-tower  backing . ] 

Weight  of  turrets . 

690 

581 

592 

622 

Weight  of  pilot-tower . 

Weight  of  corming-hoods . 

15 

15 

110 

110 

Total  displacement  required  .... 

9,035*8 

9,008 

8,872 

9,298 

Total  displacement  per  drawing  . . 

9,062 

9,062 

9,090 

9,298 

Difference . 

26*2 

54 

218 

Nil. 

*  This  includes  the  superstructure  added  in  January  1871,  and  the  additions  recommended 
by  the  Committee  on  Designs. 
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Estimated  Consemption  of  Coal  in  the  “  Devastation,”  at  Speeds  op  Ten 

AND  Twelve  Knots. 


Speed  of  ten 

Speed  of  twelvt 

knots  an  hour 

knots  an  hour. 

8 

c 

"tt} 

0) 

o 

s 

V 

■1 

*0  o 

S  M 

'5 .2 

a 

®  a 

^  a 

■q  ^ 
fc-  3 

—  <3^ 

s  » 

O  3 

s  ^ 

S  o 

s 

■►a 

S?  CO 

'i  s 

z  “ 

Coal  carried,  1,600  to  1,700  tons: — 

Statement  in  Mr.  Reed’s  memorandum  on  new  designs  for  iron-l 

Knots. 

Days. 

Knots. 

Days 

clad  ships,  dated  2nd  March  1869,  p.  311,  report  of  coinmitteeV 
on  designs  of  ships  (printed  for  Parliament) . j 

4,320 

18 

2,280 

10 

Coal  carried,  1,400  tons : — 

Calculations  based  on  results  of  measured-mile  trial,  Slsfi 
October  18Y2  . J 

4,580 

19 

2,890 

10 

Coal  c.arried,  1,600  tons : — 

Calculations  based  on  results  of  measured-mile  trial,  31sfi 

6,236 

21*8 

3,300 

11*5 

October  1872  . / 

Coal  carried,  1,400  tons: — 

Calculations  based  on  six  hours’  tri.al,  15th  April  1873  . 

4,876 

20-31 

3,109 

10*7 

Coal  carried,  1600  tons: — 

5,572 

23-21 

3,553 

12-3 

Unabmoured  Ships. 
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These  speeds  have  been  exceeded  on  the  measured  mile.  See  foot-note  on  page  95.  f  Under  covered  deck.  J  Tr^al  trips  not  made. 

$  Ihe  estimated  speed  for  the  two  steel  despatch  vessels  IiHs  and  Mercury  is  17  knots  as  the  average  over  twenty-four  consecutive  hours. 
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Cost. 
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»»  . .  • 

Humphreys  &  Co. . . 

Jas.  Watt  &  Co.  . . . 

J.  Penn  &  Son . 

Ravenhili  &  Co.  . . . 

Dudgeon  . 
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11- 7 

12- 8 

11 
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9-7 

6-5 
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.-icsiddddOid  —  ’^©ciioco 
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•siapuiijCo  JO  joqtunN  . 

coddddddd  ddddco 

Kind  of  engines. 

Horizontal  . 

Horizontal,  double  piston-rod 

.)  t> 

tt  li 

»>  »» 

ft  tt 

tt  tt 

Hlorizontal,  Wolf’s  principle, I 
1  single  trunk  in  large  cylinder/ 

Horizontal . 

Horizontal,  surfcce-condenser 

Horizontal,  trunk  . 

Horizontal,  siirlace-condenser 
Horizontal  . 

Name  and  class  of  ship. 

t 

Wooden  Broadside  Ships  of  the  Old 
Type. 

Lord  Warden . . . 

Royal  Alfred  . 

Royal  Oak  (o) . 

Prirjce  Consort  (a) . 

Caledonia  (a) . 

Zealous  (a) . 

Ocean  (a)  . 

Royal  Sovereign . . . 

Pallas . 

Favourite . 

Research . 

Repulse . 

Enterprise . 

Waterwitch  (6) . 

(a)  These  converted  vessels,  built  about  1863,  are  not  likely  to  be  sent  to  sea  again,  as  they  are  fast  decaying,  but  are  employed  in  harbour  service. 

(Jt)  Hydraulic  gunboat,  Ruthven’s  water-jet. 

Note. _ In  addition  to  the  above  is  the  Lord  Clyde,  a  sister  ship  to  the  Lord  Warden. 
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Makers  of 

engines. 

Creuzot. 

(Forges  ct 

IChantiers. 

*) 
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anoouB  JO  ssoujiDiqx 

CO  lO  to  to  04 

•  •  Cft  CO  cOiOkO  Jr-  t-t-*-030i 

T><  CO  ooooco  t-  t-±-Tf»oto 

rH 

1  Armament. 

•fi^^qout  pn'B 
'jooj  ui  ‘ja'jUAV  OAoq^ 
to^mq  JO  ^qSioH 

Ir-  fH'sl^'xJiTjtrJfOiOiOSMMCO 

•  rH 

M  04  €0  CO  CC  M  <-t  .-».-«CO*-*- 

Number  of  guns  and 
description. 

410'63-in.;  212'6-in... 
(4  1'2'6-in.;  2  10'6-ln;'l 

1  8  6'5-in . / 

»»  »» 

(8  18-ton ;  2  12-ton  ;1 
1  also  1  bow-gun  . . . ./ 
8  10'63-in. ;  2 9'45 in... 

8  18-ton;  2  12-ton. .. . 
410'63-in.;  4  7'48-in... 

4  18-ton ;  4  7-tcn  .... 

»»  •»  ...» 

52  6'3-in . 

8  12-ton ;  4  7-ton  .... 

»»  ,1  .  .  .  • 

Vessel. 

1 

‘saqoui  pm? 
taaj  at  (tqSn'Bio; 
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•  a  ^r»  ^e« 

-H  CO  00  O  OOO  rH  rHrHOO© 

t-t-t-  OS  OSOSCOCOCO 

04  04  04  04  040404  04  0404040404 

•saqoui  pint  ^aaj 
ni  ‘pav^aoj  'jqSRUiQ 

V  -IN 

03  O  O  O-  O  OOr-tCOCO 

04  CO  CO  ’»*'  '^J^'^'^COCO 

04  04  04  04  04  04  04  04  04  04  04  04  04 

■snojai  'jusmaoTiidsiQ 

00  o  o  ©  o  oocofoco 

ifs  CO  CO  CO  CO  70  CO  CO  cococoo© 

CO  CO  ©  04  I— li— Ii-I  CO  COCOX-t^t- 

00  05  OS  00  00  00  00  X-  x-t-cokoo 

-laoj  8-mnbs  ui  ‘noipas 
diqs-pint  pasjLduicar 

1,353 

1,249 

1,259 

1,259 

1,259 

1,267 

1,267 

1,267 

1,225 

1,058 

1,058 

•saqoai  puB 

HI  ‘pioq  io  q^daa 

rH<-<rHrHOOOOOOCOOO 

CO  COOOOOOO-^'-'^^-^X-X^X- 

Tj«  O4O4C4O4C0C0COO4O4O4 

•saqoni  put?  :taaj 
m  ‘q^puaaq  ouiei^xa’ 
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•saqoui  puB 

UI  ‘8JB{uo;piiad 
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00  X-  X«»  O  r-(rH»-H  O  ©OOO© 

eH  rH  C4  C4e4'^#iOOCO 

rH  x-  t-  >— 1  rHrHrH  00  COOOQClOkA 

CO  CO  CO  CO  eococo  04  (r4C4C4C4C4 

Name  and  class  of 
ship. 

Line-of-baltle  Cruiiers. 

Redoutable  (o) . 

Foudroyant  (a)  . 

Devastation  (a) . 

Richelieu  (b) . 

Colbert . 

'I'rident  (a)  . 

Friedland . 

Marengo  (c) . 

Ocean  (c) . 

kSuffren  (c)  . 

Sol  ferine  (d) . 

Klandre  (e) . 

Gaulois  (e)  . 

I.)  In  process  of  construciion.  (5)  A  central  battery  and  two  open-top  fixed  turrets;  four  cylinders  to  each  screw. 

Central  battery  and  four  fixed  turrets,  with  guns  en  barbette;  ram  bow.  (d)  Broa<iside  battery;  ram  bow. 

(e)  A  central  battery  and  four  fixed  turrets,  with  guns  en  barbette. 

Note.— The  Rochambeau  is  no  lunger  borne  on  the  list. 
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Name  and  class  of 
ship. 

4 

Line-of -battle  Crwiters 
(pontmned). 

Guyenne  (e) . . 

Magnanime  (e) . . . . 

Provence  (e) . 

Revanche  (e) . 

Savoie  (e) . 

SurveiUante  (c) . 

Valenrense  (e) . 

Heroine  (e) . 

Gloire  (d) . 

Couronne . 

For  Ordinary  Station 
Service  (/) 

La  Gallssonnihre . 

Triomphante  (a) . 

Victorieuse . 
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List  of  Vessels  fob  the  French  Navy  Building  and  Proposed  January  1,  1876. 
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*  Indicated  horse-power,  8,000.  f  Indicated  horse-power,  8,345.  Total  cost,  £508,000. 

J  Indicated  horse-power,  3,368.  Total  cost,  £325,000.  §  iu  process  of  construction.  |1  Total  cost,  £95,000. 
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*  Cost  of  machinery,  £162,500  ;  indicated  horse-power,  10,000.  +  Armour-belted  ships ;  indicated  horse-power,  5,400.  J  Cost  of  machinery,  £45,000 ;  indicated 

Horse-power,  3,000;  immersed  midship  section,  1,170  and  1,146.  }  The  15-inch  guns  are  smooth-bores.  jf  The  10-inch  guns  are  rifled.  %  Total  cost,  £82,500. 
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